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INORGANIC HYDROGEN AND HYDROGEN POl VMFR COMPOUNDS 
APPLIC ATIONS thfrfof 
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Catalysts 

t Electron Transfer (One Species) 
Two Electron Transfer(Two Species); m = l in Eq. (2) 
Single Electron Transfer (Multiple Species) 
15 Sin 8 ,e Electron Transfer (Two Species); „, = J in Eq. (2) 

Single Electron Transfer (Two Species); m=2 in Eq (2) 

III. BRIEF DESCRIPTION OF THE DRAWINGS 
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1.3 Hydrino Hydride Ion 
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3.1 Synthesis and Isolation of Inorganic Hydrogen and 
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312 Q uaru Gas Cell Hydrino Hydride Reactor 

313 Concentric Quartz Tubes Gas Cell Hydrino Hydride 
Reactor 

3.1.4 Stainless Steel Gas Cell Hydrino Hydride Reactor 

3.2 Novel Inorganic Hydride from a Potassium Carbonate 

Electrolytic Cell 
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L Field of I he Invention? 

This invention relates to novel compositions of matter comprising 
new forms of hydrogen. 

1 0 2. — Backgroun d of the Invep tinn 
2J — Hydrinps 

A hydrogen atom having a binding energy given by 

Binding Energy = (1) 

\PJ 

where is an integer greater than 1, preferably from 2 to 200. is 

1 5 disclosed in Mills, R., The Grand Unif ied Theory of C lassical Onan.nm 

Mechanics , January 1999 Edition (" '99 Mills GUT"), provided by 
BlackLight Power, Inc., 493 Old Trenton Road. Cranbury, NJ, 08512; and in 
prior PCT applications PCT/US98/ 14029; PCT/US 96/0794 9; 
PCT/US94/02219; PCT/US9 1/8496; PCT/US90/1998; and prior US Patent 

2 0 Applications Ser. No. 09/225.687. filed on January 6, 1999; Ser. No. 

60/095,149. filed August 3, 1998; Ser. No. 60/101,651, filed September 
24, 1998; Ser. No. 60/105,752. filed October 26. 1998; Ser. No. 
60/113,713. filed December 24, 1998; Ser. No. 60/123,835, filed March 
11. 1999; Ser. No. 60/130,491. filed April 22, 1999; Ser. No. 60/141.036. 

2 5 filed June 29, 1999; Serial No. 09/009,294 filed January 20, 1998; Serial 

No. 09/111.160 filed July 7. 1998; Serial No. 09/111.170 filed July 7, 
1998; Serial No. 09/111,016 filed July 7. 1998; Serial No. 09/111,003 
filed July 7. 1998; Serial No. 09/110,694 filed July 7, 1998; Serial No. 
09/110,717 filed July 7. 1998; Serial No. 60/053378 filed July 22 1997 

3 0 Serial No. 60/068913 filed December 29. 1997; Serial No. 60/090239 filed 

June 22. 1998; Serial No. 09/009455 filed January 20. 1998; Serial No. 
09/110,678 filed July 7, 1998; Serial No. 60/053,307 filed July 22. 1997- 
Serial No. 60/068918 filed December 29. 1997; Serial No. 60/080.725 
filed April 3. 1998; Serial No. 09/181,180 filed October 28. 1998; Serial 
3 5 No. 60/063.451 filed October 29. 1997; Serial No. 09/008,947 filed 
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January 20, 1998; Serial No. 60/074,006 filed February 9, 1998; Serial No. 
60/080,647 filed April 3, 1998; Serial No. 09/009,837 filed January 20. 
1998; Serial No. 08/822,170 filed March 27, 1997; Serial No. 08/592,712 
filed January 26, 1996; Serial No. 08/467,051 filed on June 6. 1995; Serial 
5 No. 08/416,040 filed on April 3, 1995; Serial No. 08/467,911 filed on June 
6. 1995; Serial No. 08/107.357 filed on August 16, 1993; Serial No. 
08/075,102 filed on June II. 1993; Serial No. 07/626,496 filed on 
December 12.1990; Serial No. 07/345.628 filed April 28. 1989; Serial No. 
07/341,733 filed April 21, 1989 the entire disclosures of which are all 
10 incorporated herein by reference (hereinafter "Mills Prior Publications"). 
The binding energy, of an atom, ion or molecule, also known as the 
ionization energy, is the energy required to remove one electron from the 
atom, ion or molecule. 

A hydrogen atom having the binding energy given in Eq. (1) is 

1 5 hereafter referred to as a hjyj kino atom or hvdrino The designation for a 

hydrino of radius fit, where a H is the radius of an ordinary hydrogen 

atom and p is an integer, is tfj^j. A hydrogen atom with a radius a H is 

hereinafter referred to as "ordinary hydrogen atom" or "normal hydrogen 
atom." Ordinary atomic hydrogen is characterized by its binding energy 

2 0 of 13.6 eV. ™ 

Hydrinos are formed by reacting an ordinary hydrogen atom with a 
catalyst having a net enthalpy of reaction of about 

m-27.2«V (2) 
where m is an integer. This catalyst has also been referred to as an 
2 5 energy hole or source of energy hole in Mills earlier filed Patent 

Applications. It is believed that the rate of catalysis is increased as the 
net enthalpy of reaction is more closely matched to m 27.2<V. It has been 
found that catalysts having a net enthalpy of reaction within ±10%, 
preferably ±5%, of m27.2<V are suitable for most applications. 

This catalysis releases energy from the hydrogen atom with a 
commensurate decrease in size of the hydrogen atom, r.=na„. For 
example, the catalysis of H(n = \) to W(* = l/2) releases 40.8 eV. and the 
hydrogen radius decreases from a H to | 0 „. One such catalytic system 
involves potassium. The second ionization energy of potassium is 31.63 eV; 
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and K* releases 4.34 e V when i, is redueed ,o K The combination of 
reaeuons jr to ** a „d *• to jr. then, has a ne, enthalpy of reaction of 
27.28 eV, which is equivalent to w = l in Eq. (2). 

M * V + *' + ** + ^]^**^*^]+I(|. + tf-^13L6.V (3) 

* + 27.28 <V m 
The overall reaction is 

Rubidium ion (»♦) is also a catalyst because the second ionization 
energy of rubidium is 27.28 eV. I„ this case, the catalysis reaction is 

27.28 eV + Rb > + & + + »[^-] + K p + ,)> - ^,3.6 «V 

->/M>* + 27.28 eV. 
And, the overall reaction is 



(6) 
(7) 



The energy given off during catalysis is much greater than the energy lost 
to the catalyst. The energy released is large as compared to conventional 
chem.cal reactions. For example, when hydrogen and oxygen gases 
undergo combustion to form water 

the known enthalpy of formation of water is A//, = _ 286 u I mole or 1.48 eV 
per hydrogen atom. By contrast, each („ = ,) ordinary hydrogen atom 
undergomg catalysis releases a net of 40.8 eV. Moreover, further catalytic 
25 transitions may occur: „ = i-i, ^ md SQ o „ 0nce 

begins, hydrinos autocatalyze further in a process called 
^msmmi^mim. This mechanism is similar to that of an inorganic ion 
catalyse But. hydrino catalysis should have a higher reaction rate than 
30 ° 2 / he ,n ° rganiC i0n Ca,3l y s ' due "> * e better match of the enthalpy 
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22 — H*ddde_lons 

proto„ A Atara!, 0 ;^?" 5 " ^ bound ro a 

P won. AHcah and alkaline ear,h hydrides react violently with water ■« 
rdcase hydrogen gas which burns i„ air ignited by the L, of Z ° 
react.on with water. TypicaMy mc ,a» hydrides deconls Tul Lf 
a ^perature weJ , below ;h e me„i„ 8 point of the pC ZZ ^ " 

IL-SIiMMARY DFT^P f N v FHTlnri 

zr- resis,M, coa,inEs - """^ <°-p»->*. z« 

c»,bod. s r„ ulJT • *""" ,B "i^w™* f»briCMio„. 

A„„,he, objccvc , s , 0 provid0 con) P P «• 

«b«- p,„o« sing mc , hodi Md ren „ ing «•« ™ 

A Ambsr obj«li»e i s ,„ p rovidc , 

(i..«i».l a ,' -T oo !, poii,ive ' •* "> d ^» 
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and pressure, STP), or is negative; and 

compound,-. *" h "" , "° S h >' d ">e«» 

By -othci element- in , his „„,„, is 

It , bindi " B ener8y hydro8e " ^ r e„ h ;;, 

or compos, LIZ e£T 

species are charged such that th- , g gy h y dr0 § cn 

charge ,„ f o,m ! J£ ZZfTLT* ***** 

ow,e, iMd >, „ olcc „ Ia , :ri,^zz:.zi:;riT h 

characterized by ionic bonding Er0 ° p ,s 

( a. lean, on, „cu„... p osi „ V e, „ „ * 



rn. , . • PCStttye, or ne e ,livc hydrogen soecie, 

<h„„na,,e, ,„„„«„ ^ c „„ gy „J^«J JJ^^ 



energy 



0) greater than the total f>n/>rov ,xf .u^ 

2 0 hydrogen species, or 8 " Corres P ontJi "8 ordinary 

which ,he f! lha " '° ,aI CnCr8y ° f any hydro S e " ^r 

Ibscld h T ° rdinary bydr ° eCn is »««»bte or is not 

observed because the ordinary hydrogen species' total energy is less T.» 
therma energies at am bien, conditions, or is negative; TnT * 
J (b) at least one other element. 

The total energy of the hydrogen species is the sum of the energies to 

it v hc e,ectrons from ,he hydrogcn ™ zZsi: 

pec es accordmg to the present invention has a total energy greate! than 
.he total energy of the corresponding ordinary hydrogen specie! The 

3 0 hydrogen species having a „ increased , 0|a , ' a LrdinTt 0 ,he 

present invention is also referred ,0 as an "increased bind ng energy 
hydrogen spec.es" even though some embodiments of the hydro"/ 
speaes havmg an increased total c „ crgy may havc a firs( ^J™ 
b.nd.ng energy .ess that the firs, electron binding energy of , he 
15 corresponding ordinary hydroeen soccie, P« , 

of Eq HOI for „ h r «P«««- For example, the hydride ion 
bq. (.0) for ,- 24 . has a firs, binding energy that is less than the first 
btndmg energy of ordinary hydride io „, while the total energy of the 
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hydride ion of Eq. (10) for „=24 is much grca(cr than the total energy of 
the corresponding ordinary hydride ion. 

Also provided are novel compounds and molecular ions comprising 

(a) a plurality of neutral, positive, or negative hydrogen species 
5 (here.nafter "increased binding energy hydrogen species") having a 

binding energy 

(i) greater than the binding energy of the corresponding 
ordinary hydrogen species, or 

<»> B reater «han the binding energy of any hydrogen species 
1 0 for which the corresponding ordinary hydrogen species is unstable or is 
not observed because the ordinary hydrogen species" binding energy is 
less ihan thermal energies at ambient conditions or is negative; and 

(b) optionally one other element. The compounds of the invention 
arc hereinafter referred to as "increased binding energy hydrogen 

1 5 compounds". 

The increased binding energy hydrogen species can be formed by 
reacting one or more hydrino atoms with one or more of an electron, 
hydrino atom, a compound containing at least one of said increased ' 
binding energy hydrogen species, and at least one other atom, molecule, 

2 0 or .on other than an increased binding energy hydrogen species. 

Also provided are novel compounds and molecular ions comprising 
(a) a plurality of neutral, positive, or negative hydrogen species 

(hereinafter "increased binding energy hydrogen species") having a total 

energy 



25 



3 5 



(i) greater than the total energy of ordinary molecular 
hydrogen, or 



(ii) greater than the total energy of any hydrogen species for 
which the corresponding ordinary hydrogen species is unstable or is not 
observed because the ordinary hydrogen species 1 total energy is less than 
3 0 thermal energies at ambient conditions or is negative; and 

(b) optionally one other element. The compounds of the invention 
are hereinafter referred to as "increased binding energy hydrogen 
compounds". 

The total energy of the increased total energy hydrogen species is the 
sum of the energies to remove all of the electrons from the increased total 
energy hydrogen species. The total energy of the ordinary hydrogen 
spec.es is the sum of the energies to remove all of the electrons from the 
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ordinary hydrogen species. The increased total energy hydrogen species 
is referred to as an increased binding energy hydrogen species, even 
though some of the increased binding energy hydrogen species may have 
a first electron binding energy less than the first electron binding energy 
of ordinary molecular hydrogen. However, the total energy of the 
increased binding energy hydrogen species is much greater than the total 
energy of ordinary molecular hydrogen. 

In one embodiment of the invention, the increased binding enerev 
hydrogen species can be H„ and //; where n is a positive integer, or »; 
where n is a positive integer greater than one. Preferably, the increased 
bind.ng energy hydrogen species is H. and «; where n is an integer from 
one to about IX 10 s , more preferably one to about 1 X 10\ even more 
preferably one to about 1X10\ and most preferably one to about 10 and 
H. where n is an integer from two to about IX 10 s . more preferably 'two 
15 to about 1XI0 4 , even more preferably two to about 1X10', and most 
preferably two to about 10. A specific example of //; is W". 

In an embodiment of the invention, the increased binding energy 
hydrogen species can be where n and m are positive integers and V 
where n and m are positive integers with „,<„. Preferably, the increased 
2 0 bmding energy hydrogen species is //;- where n is an integer from one to 
about IX 10 s . more preferably one to about 1 X 10\ even more preferably 
one to about IX 10*. and most preferably one to about 10 and m is an 
integer from one to 100, one to ten, and //.- where n is an integer from 
two to about IX 10*. more preferably two to about I X 10\ even more 
preferably two to about 1X10\ and most preferably two to about 10 and 
m is one to about 100, preferably one to ten. 

According to a preferred embodiment of the invention, a compound 
is provided, comprising at least one increased binding energy hydrogen 
species selected from the group consisting of (a) hydride ion having a 
binding energy according to Bq. (10) thai is greater than the binding of 
ordinary hydride ion (about 0.8 eV) for p=2 up to 23, and less for p = 24 
("increased binding energy hydride ion" or "hydrino hydride ion")- (b) 
hydrogen atom having a binding energy greater than the binding energy 
of ordmary hydrogen atom (about 13.6 eV) ("increased binding energy 
hydrogen atom" or "hydrino"); (c) hydrogen molecule having a first 
binding energy greater than about 15.5 eV ("increased binding energy 
hydrogen molecule" or "dihydrino"); and (d ) molecular hydrogen ion 
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having a binding energy greater than about 16.4 eV ("increased bindin» 
energy molecular hydrogen ion" or "dihydrino molecular ion") 

The compounds of the present invention are capable of exhibiting 
one or more unique properties which distinguishes them from the 
corresponding compound comprising ordinary hydrogen, if such ordinary 
hydrogen compound exists. The unique properties include, for example 
(a a unique stoichiometry; (b) un.que chemical structure; (c) one or more 
extraordmary chemical properties such as conductivity, melting point 
bchng point, density, and tractive index; (d) unique reactivity to other 
elements and compounds; (e) enhanced stability a, room temperature and 
above; a „d/or (f) enhanced stability in air and/or water. Methods for 
distmgu.shing the increased binding energy hydrogen-containing 
compounds from compounds of ordinary hydrogen include: I.) elemental 
analysts. 2.) solubi.ity, 3.) reactivity. 4.) melting point. 5.) boiling point .) 
vapor pressure as a function of temperature, 7.) refractive index 8 ) X- 
ray photoclectron spectroscopy (XPS), 9.) gas chromatography. 10.) X-ray 
d.ffracuon (XRD), 11.) calorimetry. 12.) infrared spectroscopy (1R) , 3 ) 
Raman spectroscopy. 14.) Mossbauer spectroscopy. 15.) extreme ' 
ultrav.ole, (EUV) emission and absorption spectroscopy. 16.) ultraviolet 
(UV) em.sston and absorption spectroscopy. 17.) visible emission and 
absorpnon spectroscopy, 18.) nuclear magnetic resonance spectroscopy 
' gaS pbasC mass spectroscopy of a heated sample (solids probe and' 
direct exposure probe quadrapole and magnetic sector mass 

?rnZZ?/ ) ' 20> timC - 0f - ni S h «- sccond "y-ion-mass-spec,rosco P y 
ESFTOPM^ ~! f C,r05 P ra y- ionizati °"-'in»e-of-fli g ht-mass-spectroscopy 
bMrOFMS), 22.) thermogravimctric analysis (TGA), 23.) differential 
hermal analysis (DTA), 24.) differential scanning calorimetry (DSC) 25 ) 
liquid chromatography/mass spectroscopy (LCMS), and/or 26) gas 
chromatography/mass spectroscopy (GCMS). 

According to the present invention, a hydrino hydride ion (H ) 
havmg a binding energy according to Eq. (10) that is greater than the 
b.nd.ng of ordmary hydride ion (about 0.8 eV) for P =2 up ,o 23, and less 
for P = 24 (H ) is provided. For „ = 2 to P = 24 of Eq. (10). the hydride ion 
bmdmg energies are respectively 3. 6.6. 11.2, 16.7. 22.8. 29.3. 36.1. 42.8. 

9 2 h v 5 - 6, 69 2, 7L5 - 11A ' 7,S - 68 8 - 64 °' 56 8 - 34.6, 

IV.2, and 0.65 eV. Compositions comprising the novel hydride ion arc 
also provided. 
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The binding energy of the novel hydrino hydride ion can be 
represented by the following formula: 



Binding Energy = - ^V^H) 



W^ 3 



(10) 



where p ,s an integer greater than one, 5 = 1/2, » is pi, A is Planck's 
constant bar. is the permeability of vacuum. m , is .he mass of the 
electron, fi r is the reduced electron mass, «. is the Bohr radius, and e is 
the elementary charge. 

The hydrino hydride ion of the present invention can be formed by 
Ihe reaction of an electron source with a hydrino, that is. a hydrogen atom 
having a binding energy of about where „ = i and P is an integer 

greater than 1. The hydrino hydride ion is represented by ir(n = \J P ) or 
H (1/ p) : 

a 



H 



L p 
IP . 



+ e~ 



>H-(n = Up) 
>H-(l/p) 



(H)a 
dl)b 



The hydrino hydride ion is distinguished from an ordinary hydride 
ion comprising an ordinary hydrogen nucleus and two electrons having a 
binding energy of about 0.8 eV. The latter is hereafter referred to as 
'ordinary hydride ion" or "normal hydride ion" The hydrino hydride ion 
composes a hydrogen nucleus including proteum, deuterium, or tritium 
2 0 ancMwo indistinguishable electrons at a binding energy according to Eq' 

The binding energies of the hydrino hydride ion. H (»^ \/ P ) as a 
function of p, where P j s an integer, are shown in TABLE 1. 
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« A f! L V\ J* ""««« energy of the hydrino hydride ion 

H (»=l/p) as a function of p, Eq. (10). 



Hydride Ion 



< <O a Energy 15 (eV) 



Binding Wavelength 



(nm) 



W(«=>/2) o.9330 3 . 047 40? 

H{n=tn) 0 .6220 6 6J0 

W> = l/4) 0.4665 n . 2 3 no 

«0 *>-./*) 0.37.32 16 . 70 74 1 °- 

= 03110 22.81 54 4 

H'(»=lf7) 0.2666 29.34 42 3 

W > =1 '«) 0.2333 36.08 344 

//•(»= 1/9) 0.2073 



42.83 



28.9 



15 0.1866 49 . 37 25 \ 

//(»«1/11> 0 . 1C96 55 4g 

W(»=l/I2) 0.1555 60.97 20 ' 3 

W>=I/I3) 0.1435 65.62 18 ' 9 



//-(„= 1/14) 0.1333 69 . 21 UQ 

W-(" = >/!6) 0.1166 72 .3S u [, 
a Equation (51). infra. 
b Equation (52). infra. 



Novel compounds arc provided comprising one or more hydrino 
hydride ,ons and one or more other elements. Such a compound is 

referred to as a hvdrino hyrtr;^ pgujid. 

Ordinary hydrogen species are characterized by the following 
b.ndmg -energies (a) hydride ion. 0.754 e V ("ordinary hydride ion"); (b) 
hydrogen atom ("ordinary hydrogen atom"). 13.6 eV; (c) diatomic 
hydrogen molecule, 15.46 eV ("ordinary hydrogen molecule")- (d) 

7' ,6 V V r ° rdinary h > dro * en ««-); and 

(e) //,, 22.6 eV ( ordinary tnhydrogen molecular ion"). Herein with 

3 5 reference ,0 forms of hydrogen, "norma." and "ordinary" are synonymous 
According to a further preferred embodiment of the invention, a 
compound , s prov ided comprising at least one increased binding energy 
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hydrogen ^species such as (a) a hydrogen atom having a binding energy of 



about 



¥ 



, preferably wiihin ±10%,, more preferably +5%, where p is 



an integer, preferably an integer from 2 to 200; (b) a hydride ion (// ) 
having a binding energy of about 



.^il^+Sj" "« p^^J ' preferab,y wi,hin ±i0% ' more 

?n e n ^erab w. ±5% • WhCrC P ^ a " in,Ceer ' P refcra Wy an integer from 2 to 
200. ,-l/2. n is p,, h is Planck's constant bar. p m is the permeability of 

vacuum, is the mass of the electron. „, is the reduced electron mass, a 
is the Bohr radjus. and <• is the elementary charge; (c) ir t (l/ P )- (d) a 
trihydrino molecular ion, h;{U P ), having a binding energy of 'about 
—r eV preferably within ±10%. more preferably ±5%. where p is an 

integer, preferably an integer from 2 to 200; (e) a dihydrino having a 
binding energy of about J" eV preferably within ±10%. more preferably 

±5%, where p is an integer, preferably and integer from 2 to 200; (f) a 
dihydrino molecular ion with a binding energy of about i£± ,v 

(;)' 



preferably within ±10%. more preferably ±5%. where P is an integer, 

preferably an integer from 2 to 200. 

The compounds of the present invention are preferably greater 

than 50 atomic percent pure. More preferably, the compounds are 
2 0 greater than 90 atomic percent pure. Most preferably, the compounds 

are greater than 98 atomic percent pure. 

According to one embodiment of the invention wherein the 

compound comprises a negatively charged increased binding energy 

hydrogen species, the compound further comprises one or more cations. 
^3 such as a proton, ordinary //;, or ordinary h;. 

The compounds of the invention further comprise one or more 
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normal hydrogen atoms and/or normal hydrogen molecules, in addition to 
«he increased binding energy hydrogen species. 

The compound may have the formula MATH, wherein n is an 
integer from 1 to 6. M is an alkali or alkaline earth cation. X is a singly or 
5 doubly negative charged anion. M* is Si, Al, Ni. a transition element "an 
inner transit.on element, or a rare earth element, and the hydrogen 
content H, of the compound comprises at least one increased binding 
energy hydrogen species. 

The compound may have the formula MAM, wherein n is an integer 
10 from 1 to 6, M is an alkali or alkaline earth cation and the hydrogen 
content H m of the compound comprises at least one increased binding 
energy hydrogen species. 

The compound may have the formula MH. wherein n is an integer 
from 1 to 6, M is a transition element, an inner transition clement, a rare 
earth element, or Ni, and the hydrogen content H n of the compound 
comprises at least one increased binding energy hydrogen species 
The compound may have the formula MNiH. wherein n is an 
integer from 1 to 6, M is an alkali cation, alkaline earth cation, silicon, or 
aluminum, and the hydrogen content H, of the compound comprises at 
20 least one increased binding energy hydrogen species. 

The compound may have the formula MM H. wherein n is an 
integer from I to 6, M is an alkali cation, alkaline earth cation, silicon or 
aluminum, M' is a transition element, inner transition element, or a rare 
earth element cation, and the hydrogen content H a of the compound 

2 5 comprises at least one increased binding energy hydrogen species 

The compound may have the formula MXAIX H. wherein n is 1 or 2, 
M is an alkali or alkaline earth cation. X and X' arc either a singly 
ncgat.ve charged anion or a doubly negative charged anion, and the 
hydrogen content H, of the compound comprises at least one increased 

3 0 binding energy hydrogen species. 

The compound may have the formula 7W„ wherein n is an integer 
from 1 to 4. and the hydrogen content //. of the compound comprises at 
least one increased binding energy hydrogen species 

The compound may have the formula AlH. wherein n is an integer 
from 1 to 4, and the hydrogen content //. of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula Al,H. wherein n is an integer 



35 
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from 1 to 4, and the hydrogen content «, of the compound comprises at 
least one increased binding energy hydrogen species 

The compound may have the formula [KH^CO^ wherein m and n 
are each an integer, the compound contains a. least one H, and the 
5 hydrogen content U m of the compound comprises at leas, one increased 
binding energy hydrogen species. 

The compound may have the formula [KH.KNOj „r wherein m 
and n are each an integer. X is a singly negative charged anion, the 
compound contams at leas, one //, and the hydrogen content // of the 

1 0 compound comprises at leas, one increased binding energy hydrogen 

species. & 

The compound may have the formula \KHKNO s ) wherein n is an 
integer and the hydrogen content H of the compound comprises a, leas, 
one increased binding energy hydrogen species. 

The compound may have the formula \KHKOH\ wherein n is an 
integer and the hydrogen content H of the compound comprises" at leas, 
one increased binding energy hydrogen species. 

\MH J*1 C ™ P ° Und im *f** an ani0 " °r "'ion may have the formula 
[MH^X\ where.n m and „ are each an integer, M and M' are each an 

2 0 alkali or alkaline earth ca.ion. X is a singly or doubly negative charged 

7 °of HL C r ,P ° Und , COn,ai " S at ,CaSt ° nC 3nd ,he """en, 
0f ,hc impound compnses at least one increased binding energy 

hydrogen species. 

2 5 Imh JtV'° mP v OUnd ! inC,Udin * a " anion or " lj on may have the formula 

\MH„M-rl " * therein m, m\ n. and n' are each an integer. M and M' 

are each an alkali or alkaline earth cation, X and X' arc a singly or doubly 
ncganve charged anion, the compound contains at leas, one //, and ,he 
hydrogen conten, H„ of the compound comprises a, leas, one increased 
binding energy hydrogen species. 

30 JtV om T. nd i nduding an anion or cation ma y have the form «»* 

[MH„hTXl nl * wherein m, m\ n, and n' are each an integer, M, M', and 
M" are each an alkali or alkaline earth cation, X and X' are each a singly 
negat.vc charged anion, the compound contains at leas, one «, and the 
hydrogen content H n of ,he compound comprises a, leas, one increased 

3 5 binding energy hydrogen species. 

The compound including an anion or cation may have ,he formula 
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[MH m l[ „>X wherein m. m\ n. and n' are each an integer, M i, alkali or 
alkaline ear.h. organic, organometaHc, inorganic, or ammonium cation. X is 

IncTZ l Ub ^ nega,ive char 6 ed -'on, ,he compound contains at least 
one and the hydrogen con.ent //„ of .he compound comprises at least 
5 one increased binding energy hydrogen species. 

\MH r The . C ^ P °r d indUding a " ani ° n ° r Cati ° n ma * havc ,hc ^mula 
[""..J. « AT wherein m, m\ „, and n' are each an integer, M and M' are 

an alkal. or alkaline ear.h, organic, organometalic, inorganic, or 
ammonium cation, the compound contains a, leas, one H , and the 
10 hydrogen content H n of lhc compound comprises a| ^ ^ 

binding energy hydrogen' species. 

The compound may have the formula M(H, t ) wherein n is an 
mtegcr M is other element such as any atom, molecule, or compound and 
the hydrogen con.en, (//„), of the compound comprises a, leasTTe 

15 increased binding energy hydrogen species. 

The compound may have the formula H( H „) a wherein n is an 
integer, M is an increased binding energy hydrogen compound, and the 
hydrogen con.ent 0 f the compound comprises at leas, one increased 

binding energy hydrogen species. 

2 0 The compound may have the formula Ar(//, 6 )" wherein n is an 

integer, M is other element such as an alkali, organic, organometalic 

morgan.c. or ammonium cation, and the hydrogen con.ent (#„)" of .he 

compound comprises a. least one increased binding energy hydrogen 
species. * 

2 5 The compound may have the formula wherein n is an 

•nteger. M is an increased binding energy hydrogen compound, and the 
hydrogen content (/,„); 0 f the compound comprises a. least one increased 
binding energy hydrogen species. 

The compound may have the formula M{H„) wherein n is an 

30 TK\ U ^ °' hCr tX *T"l SUCh 85 8ny 8,0m ' mol ^» ,c - ° r compound, and 
the hydrogen content of the compound comprises at leas, one 

increased binding energy hydrogen species. 

The compound may have the formula A/(// lt ) wherein „ is an 

^5 hvZ f ' M i$ ^ T T T* d binding Cner ^ h y dr °8 e " compound, and the 

3 5 hydrogen content of the compound comprises at least one increased 
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binding energy hydrogen species 

The compound may „ ave the fonnu , a ^ . & ^ 

y gen content {H u \ of the compound comprises at leas, one 
5 increased binding energy hydrogen species 

Ihe compound may have the formula. A, (//„). wncrein „ js a „ 
integer, M is an increased binding enerev hvrfrr.^ 
hydrogen content (h \ of ,h, , I hydrogen compound, and the 

y ( H»l of the compound comprises a. least one increased 

binding energy hydrogen species 
I 0 The compound may have the formula A,(, U whcrein n „ a „ 

IhXdrogen S^T) TZ\Z "? °' "~ - 

* eni ^ of the compound comprises at least one 

increased binding energy hydrogen species 

The compound may have the formuio M( „^ wherejn „ js an 

K„ M C ::, 7rr e 0 d f srs? cncrg , y Mrogen com ^ - «- 

bind- 1 * coro PO«"d emprises at leas, one increased 

binding energy hydrogen species 

The compound may have the formula ^ wherein „ is a „ 

20 lif r; s 0 u f ch t h : s c a o ny a, T molecu,e - or com ^ - 

ni IM of the compound comprises at least one 
increased binding energy hydrogen species 

The compound may have the formula whcre i„ „ is an 

integer, M is an increased binding enerov u^ rnn 

hydrogen content (H ) of bT™ / hydrogen compound, and the 

2 5 hinrfi I } " COm Po«"d comprises at least one increased 

2 5 binding energy hydrogen species. 

The compound may have the formu.a ^(^(if^^) 
wherein o, , t , and u are each a „ ^ 

M„ other element such as any atom, molecule, or compound, die 

j »M".«M" W M"4(// W ). of the compound coraprises at , east one 

increased binding energy hydrogen species 
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(»«),("»X(»i.).(«WM«»). of compound comprises at least one 
increased binding energy hydrogen species. 

The compound may have the formula MX wherein M is positive 
neutral, or negative such n< // w « positive, 

hydrogen content H of the compound comprises a, least one increased 
binding energy hydrogen. 

20 , ThC COrnpOUnd ™y have formula MX wherein M is positive 

neutra 0r ncgatlve such a$ ^ » P« Htve. 

WU- V*. WU, (*»MU. (w f ) to.) 

M*^*^. X is an increased bfcdtg energy 
3 5 hydrogen compound, and the hydrogen content H of the compound 
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comprises at least one increased binding energy hydrogen. 

The compound may have the formula M( flj ) wherein n is an 
integer x is an integer from 8 to 12. M is other element such as any atom 
molecu,e. or compound, and the hydrogen content (*.), of the compound 
comprises a, leas, one increased binding energy hydrogen species 
The compound may have the formula M (H M ) wherein n is an 
integer, x is an integer from 8 to 12, M is an increased binding energy 
hydrogen compound, and the hydrogen content („,) of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have the formula AT (//,)" wherein n is an 
integer, x is an integer from 14 to 18, M is other element such as an 
alkah. organ.c. organometalic. inorganic, or ammonium cation, and the 
hydrogen content (H,\ of the compound comprises at leas, one increased 
binding energy hydrogen species. 

The compound may have the formula M'(Hj wherein n is an 
integer x is an integer from 14 to 18. M is an increased binding energy 
hydrogen compound, and the hydrogen content (*,); 0 f the compound 
comprises at least one increased binding energy hydrogen species 
The compound may have the formula M{H,) wherein n is an 

1^ T ime8Cr fr ° m 14 '° ,8> M is 0thcr * lement ««* as any 
atom, molecule, or compound, and the hydrogen content (*,) of the 

speXs"^ COmP " SeS a ' 5eaSt ° nC increased bindin 6 ™W hydrogen 

The compound may have the formula M{H,\ wherein n is an 
integer, x is an integer from 14 to 18. M is an increased binding energy 
hydrogen compound, and the hydrogen content (»,) of the compound 
comprises at leas, one increased binding energy hydrogen species 
The compound may have the formula M(II,) wherein n is an 

a?oT r, m Y S T integCr fr ° m 22 10 26 ' M is ° ,hcr cIcmcnt suc " as any 
atom, molecule, or compound, and the hydrogen conlen, (H.) of ,he 

compound comprises a, leas, one increased binding energy' hydrogen 
species. ° 

The compound may have the formula u(u,) m wherein n is an 

3 5 hvrfT " a " integCr fr ° m 22 '° 26> M is an in ™™<* Ending energy 
3 5 hydrogen compound, and the hydrogen conten, of the compound 
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comprises at least one increased binding energy hydrogen species 
The compound may have the formula M(HX wherein n is an 
integer, x is an integer from 58 to 62, M is other element such as any 
atom, molecule, or compound, and the hydrogen content {H,) n of the 

5 compound comprises at least one increased binding energy' "hydrogen 
species. 

The compound may have the formula M(H\ wherein n is an 
integer, x is an integer from 58 to 62, M is an increased binding energy 
hydrogen compound, and the hydrogen content [H,\ of the compound 
1 0 comprises at least one increased binding energy hydrogen species 

The compound may have the formula M{H\ wherein n is an 
integer, x is an integer from 68 to 72, M is other element such as any 
atom, molecule, or compound, and the hydrogen content (//,) of the 

compound comprises a. least one increased binding energy hydrogen 
1 5 species. b 

The compound may have the formula M(H\ wherein n is an 
integer, x is an integer from 68 to 72, M is an increased binding energy 
hydrogen compound, and the hydrogen content of the compound 

comprises at least one increased binding energy hydrogen species. 

The compound may have the formula M{H,)j(H,\{H f ){H<)(H t ) 
wherein q, r, s, t, and u are each an integer including zero but not all zero 
x .s an integer from 8 to 12, x' is an integer from 14 to 18, y is an integer' 
from 22 ,o 26, ? is an integer from 58 to 62. z is an integer from 68 to 
72, M is other element such as any atom, molecule, or compound the 

T w,?w \ e , a T gcd in any ordcr > and thc h y dr °s cn c <» 

\"'>A H *)A H ,)\ H f),\ H ,\ of "he compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula M(H, \(H,\{h,) [H f ) (tf ) 
wherein q, r, s, t. and u are each an integer including zero but not all zero 
x ,s an integer from 8 to 12, x' is an integer from 14 to 18, y is an integer' 
from 22 to 26, y' is an integer from 58 to 62, z is an integer from 68 to 
72, M is an .ncreascd binding energy hydrogen compound, the monomers 
may be arranged in any order, and the hydrogen content 
\ H Al tt ')AW H >'M H ,\ of {h * compound comprises at least one increased 
3 5 binding energy hydrogen species. 
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The po!ymer compound may have the formula comprising one or 

The polymer compound may have the formula comprising one or 
more monomers in any order selected from the group comprising 

W ^^I^^ovcoh^^^^^^ whcrc . n 

alkahne eanh, organ*, organometalic. inorganic, or ammonium cation. X 
and X are a s.ngly or doubly negative charged anion, the compound 

1 5 contams a, least one H, and .he hydrogen content H of the compound 

comprises a. leas, one increased binding energy hydrogen species. 

The polymer compound may have the formula comprising one or 
nr/rT 0 ™?, in ° rdCr SClCC,ed fr ° m thc g fou P comprising 

20 [KHKOHliMH^xUMH^X-r «' X' [MHJT JCf f- „■ X - 

[MHX' n'M ♦ M'H-^KHKOHWKH.KOHWKHKHCO,) [KHCO,] [K ]C 0 } \ 

wherein n T n\ m, m\ p q r s t a* r* i* 
and « are each an integer. M, M> and M" are each an alkali or alkaline 

2 5 dT n L° r ? n, % °; 8an ° me,a,ic " ino '* anic . or ammonium cation. M"» is other 

2 5 element. X and X arc a singly or doubly negative charged anion, the 

compound contains at least one H. and the hydrogen content H of the 
compound comprises at leas, one increased binding energy hydrogen 

The polymer compound may have the formula comprising one or 
w 0n0m T, in ° rder Se,CCtCd fr ° m thc S rou P "mprising 

H w\ wherein n, n\ m, m\ p a r s I o 1 r' i* 

3 5 and u are each an integer. M. M' and M" are each an alkali or alkaline 
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earth, organic, organometalic, inorganic, or ammonium cation M~ is an 
.ncrcascd b.ndmg energy hydrogen compound, X and X' are a sin gl y or 
oub.y negat.ve charged anion, the compound contains at .east one H, and 

5 din, ^ "TT " ° f COmP ° Und C ° m P riseS a ' ,cas < one increased 
5 binding energy hydrogen species. 

The polymer compound may have the formula comprising one or 
rnore monomers in any order selected from the group comprising 

[KHKOHHMH^XUHHJtJrr n' X - [ M „ mAf ^ 
1 0 \HHJC nM- M-hIKHKOHUKHSOHUkHKHCO,) \KHC0,) [K } CO : ) 

r W»A herein n, m, p,' q . r, s/t, q ". r'/s'. and 
u are each an integer, x is an integer from 8 ,o 12. is an integer from 14 

o 18. y „ an mteger from 22 to 26. y is an integer from 58 to 62. z is an 
.Meger from 68 to 72. M, M' and M » are each an alka ,i or a.ka.ine earth, 
15 organtc. organometalic, inorganic, or ammonium cation. M"' is other 
element X and X" are a singly or doubly negative charged anion, the 
compound contains a, least one H, and the hydrogen content H of the 
compound comprises a, least one increased binding energy hydrogen 

2 0 The polymer compound may have the formula comprising one or 

7ZuZT?i in w"" SC,CCted fr ° m ,he «™P C01 "P- in 8 
IW-KWiaiWy^i; n X-\KHKNO,} 

W"*l * AT JTIQ [KHKOH^KH.KOH] Jx» KHC0 3 ) \KHCO } ) [K 2 COA 

2 5 ^WWftl therein n, n'. m. m'. p.' q , r , s . q . ' s , and 

u are each an integer, x is an integer from 8 to 12, x' is an integer from .4 

■meger from 68 to 72. M, M' and M" are each an alkali or alkaline earth, 
orgamc. organometalic, inorganic, or ammonium cation, M'" is an 
increased binding energy hydrogen compound, X and X' are a singly or 
doubly negative charged anion, the compound contains a, leas, one H, and 
the hydrogen content II of the compound comprises at .east one increased 
binding energy hydrogen species. 

The polymer compound may have the formula comprising one or 

3 5 more monomers in any ordcr sele c,ed from the group comprising 
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\MH m l\MM'H m l[KH m KCO ) i[KH m KNO } \ nX[KHKNO,\ 
[KHKOHl\MHJ,xl\UH m MXt if X" \MH„Kt X']"" rf„~\uH f „ jt 
[MHJ si AT* M* H^KHKOH^KHtKOH^KH KHCO } \\KHCO s } [Jf,CC>,] 
""to),(»4(«,)M(>d ^rein „. „•, m , m ; p , q , r . ^ q . ,. an(J 

5 u are each an integer, x is an integer from 8 t0 12. x' is an mteger from 14 
«o 18. y is an integer from 22 to 26, / is a „ i„, cgcr from 58 t0 62> z h an 
integer from 68 to 72. M, M' and M" are each a metal such as a transition 
metal, tnner transition metal, tin. boron, or a rare earth, ianthanide. an 

10 cation M» k Car,h ' ° r8aniC> --ganic. or ammonium 

1 0 cation, M , S other element. X and X' are a singly or doubly negative 
charged anion, the compound contains at least one H, and the hydrogen 
content H of the compound comprises at least one increased binding 
energy hydrogen species. 

The polymer compound may have the formula comprising one or 

ZZuT™?, in any ordcr $elec,ed from ,hc co -p--g 

lKHKOHl[ MHm Af xUHHjrrr «r\imjtxr 'n'*r'[MH r n x- 
[MH m l rihf* M<U- [KHKOHllKHSOHllKHKHCO,) [*//CO,] [£cO,| 
r W'WW(»,l wherein n. m. nV. P . «,. r , s . q ., ^ ^ and 
20 u are each an integer, x is an integer from 8 to 12. x' is an integer from 14 
to 18. y is a „ )mcg er from 22 ,o 26. y is an integer from 58 to 62, z is an 
integer from 68 to 72, M, M' and M" are each a metal such as a transition 
metal, inner transition metal, tin, boron, or a rare earth, Ianthanide. an 

25 c ! m~ nC Car,h * ° rganiC ' ° r 8 3nometa ^. ^organic, or ammonium 
25 cat,on. M is an mcreased binding energy hydrogen compound. X and X' 
are a singly or dbubly negative charged anion, the compound contains at 
east one H. and the hydrogen content H of the compound comprises at 
least one increased binding energy hydrogen species 

The polymer compound may have the formula Si,H,(H u ) wherein x 
30 ,s an integer, y is an integer from 2x + 2 to 4x. z is an integer, and the 
hydrogen content H of the compound comprises at least one increased 
binding energy hydrogen species. 

The polymers described herein can be formulated to any desired 
molecular weigh, for the particular application. Examples of suitable 
3 5 number average molecular weights include from about 3 up to about 
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1X10 Polymers based primarily on hydrinos usually have a molecular 
we.ght towards «he lower molecular weight range, while polymers 
contammg heavy elements such as silicon usually have higher molecular 
weights. 

Examples of singly „ e g al ive charged anions of the increased binding 
energy hydrogen compounds disclosed herein include but are not limited 
to halogen tons, hydroxide ion. dihydrogen phosphate ion. hydrogen 
carbonate ,o„, and nitrate ion. Examples of doubly negative charged 
•num. of the increased binding energy hydrogen compounds disclosed 
heretn mclude but are no, limited to carbonate ion. oxides, phosphates, 
hydrogen phosphates, and sulfate ion. 

Applications of the compounds include use in batteries, fuel cells 
cutting materials, light weight high strength structural materials and ' 
synthetic fibers, corrosion resistant coatings, heat resistant coatings 
xerographic compounds, proton source, photoluminescent compounds 
phosphors for lighting, photoconductors, photovoltaics. chemiluminescent 
compounds, fluorescent compounds, optical coatings, optical filters 
extreme ultraviolet laser media, fiber optic cables, magnets and magnetic 
computer storage media, superconductors, and etching agents, masking 
agents, agents to purify silicon, dopants in semiconductor fabrication 
cathodes for thermionic generators, fuels, explosives, and propel.ants' 
Increased binding energy hydrogen compounds are useful in chemical 
syntheuc processing methods and refining methods. The increased 
bindmg energy hydrogen ion and the increased binding energy hydrogen 
molecular ,on have application as the negative ion of the electrolyte of a 
htgh voltage electrolytic cell. The selectivity of increased binding energy 
hydrogen species in forming bonds with specific isotopes provides a 
means to purify desired isotopes of elements. 

Alkali halides are known to be transparent to infrared radiation A 
colored mcreased binding energy compound comprising an alkali or 
alkalme earth halide and at least one increased binding energy hydrogen 
speacs such as a hydrino hydride ion may be a medium to optically 
amphfy mfiared signals such as telecommunications signals Two 
exemplary compounds are blue crystals of KW and magenta crystals of 

ifl? r . emb ° diment of a compound to amplify infrared 

light F centers color the compound. F centers may be formed in an 
uncolored compound during the catalysis of hydrogen in the presence of 
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the compound. The uncolorcd compound which is colored by formation of 
F centers may comprise an alkaline or alkaline earth halide. 

According to another aspect of the invention, dihvdrinos can be 
produced by reacting protons with hydrino hydride ions, or by the 
5 thermal decomposition of hydrino hydride ions, or by Ihe thermal or 

ZT^LTTf T ° f J n " eaScd bjndi »g ««rgy hydrogen compounds. 
For example, the hydrino hydride compound */;(!/ p ) or K^Mp^l may 

react with a source of oxygen such as oxygen gas or water to form 
dihydrino and potassium oxide wherein the hydrino hydride ion has a 
10 relatively low binding energy such as /T(l/2). 

2/O/(l/2) + I/20 1 H;[2c'=.-2|] + K,0 ( , 2) 

Alternatively, the hydrino hydride compound may be heated to release 
dihydrino by thermal decomposiiion. 

In both cases, the dihydrino product may be analyzed by gas 
chromatography. 

A method is provided for preparing compounds comprising at least 
one increased binding energy hydride ion. Such compounds are 
hereinafter referred to as "hydrino hydride compounds". The method 
comprises reacting atomic hydrogen with a catalyst having a net enthalpy 
of reaction of about ^-27 *V. where m is an integer greater than 1. 
preferably an integer less than 400, io produce an increased binding 
energy hydrogen atom having a binding energy of about 1X6 where p 

(/>) 

is an integer, preferably an integer from 2 to 200. A further product of 
the catalysis is energy. The increased binding energy hydrogen atom can 
be reacted with an electron source, to produce an increased binding 
energy hydride ion. The increased binding energy hydride ion can be 
reacted with one or more cations to produce a compound comprising at 
least one increased binding energy hydride ion. 

The invention is also directed to a reactor for producing increased 
binding energy hydrogen compounds of the invention, such as hydrino 
hydride compounds. A further product of the catalysis is energy Such a 
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reactor is hereinafter referred m k » »u*.a - , , . 

r: sr r r ~" -^r^r-^ 

« " y orl -T''?,' r""""' h,d,U " ha ™ 8 *■ «■** 

l „, . ^r„ „rrr a souree of a " ,mic h, "" ,,8c * » 

dCSCril » d '*"'» « "Mm. hydride Jre 
.ncreased b.ndtng energy hydrogen compound produced 

*I « l can h 2 Ca " 0 " C0 7 ri ' i " 8 *• «•«"*»> >» .he diseharse ee, 

=^:t c ::; rxz o :tcT ria ' ° f *• - 

o ^ . . reauciant, or a cation present in the cell (such 

as a canon compris ng ihe catalvsrt in tu i 1 

eo reductant. or a cation prcseni in the ceH (such as a ca.ion 
comprising the catalyst). "° n 



WO 00/07932 

PCT/US99/J7I71 

26 

Cataly st 

clergy hydrogen compound havjng , ^ ^ ^ ^ 

. 2 -27rV. where m ,s an integer greater ,han «. preferably an integer less 
> to. 400, t0 produce an increased binding energy hydrogen atom having 
a b.ndmg energy of about B^L where , „ an ^ ^ 

integer from 2 to 200. 

/■ Electron T ran sfer fOnr Sp ecies) 
• In another embodiment, a catalytic system is provided by the 

•on a molecule, and an ,on,c or molecular compound to a continuum 
energy level such that the sum of the ionization energies of tne 7 
e eet IS approxiniately ^ ^ • « < 

catalytic system involves ce<;,nm tk a r ^ 

Jl- . "'vojvcs cesium. The first and second ionization energies 

ot cesium are 3.89390 *V anri <r\ i*-?a< » . , energies 

u ^ . , f * 23.15745 eK, respectively [David R Linde PRr 

equivalent to ™ = ! j n Eq. (2). 
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(14) 



O" + It' -* Cj {^)+ 27.05135 eV 
And, the overall reaction is 1 ' 

i^hiT^h'^'-^"^ (.6) 

£< "" ir ~2* r ( !7 ) 
For a temperature of 1200 K, the thermal energy is 0 16 eV and the 
act enthalpy of reaction provided by cesium meta, is 27.2, Iv which is 
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15 



an exact match to the desired energy. 

Hydrogen catalysts capable of providing a net enthalpy of reaction 
or approximately m X27.2<V where „, is an integer to produce hydrino 
whereby , electrons are ionized from an atom or ion are given infra A 
further product of the catalysis is energy. The atoms or ions given i„ ,he 
first column are ionized to provide the net enthalpy of reaction of 
„,X27.2<V given in the tenth column where m is given in the eleventh 
column. The electrons which are ionized are given with ,he ionization 

Sa if l Ca ": d r i2a,i0n f T Crgy ° r bind5n * e " e <*y>. The ionization 
potential of the „th electron of the atom orion is designated by IP and is 

given by David R. Linde, CRC Handbook of Chemistry and Physics. 78 ,h 

Edmon, CRC Press, Boca Raton, Florida, (1997), p. 10-214 to 10-216 which 

•s herem incorporated by reference. That is for example 

Cs + l.m90e V ^Cs'+ e - a „ d Cr* + 23. 15745 eV-*Cs u +e~ . The firs, .onization 

potent.al. //> = 3.89390 ,V, and the second ionization potential 

If,- 23. 15745 *V, are given in the second and third columns, respectively 

The net enthalpy of reaction for the double ionization of Cs is 27 05135 ,y 

as gtven in the tenth column, and m = l in Eq. (2) as given in the eleventh 

column. 
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Catalyst IPi ip 2 ~~ - 

" 5 .39172 75.64 ^^ ~ ^^—^ E L^ IPS En1*>aFpy^ 

Be 9.32263 18.2112 81.032 3 

K 4.34066 31.63 45.806 27504 1 

6.11316 11.6717 509131 67 27 81 777 3 

Tl 6.8282 13.5755 27.4917 43.267 99 3 5 

V 6.7463 14.66 29.311 46.709 65 2817 19046 7 

Cr 6.76664 18.4857 30.96 1e27t 6 

Mn 7.43402 15.64 33.668 51 2 54 212 2 

* 7.9024 16.1878 30 652 107.94 4 

7.9024 16.1878 30.652 54 8 54 742 2 

°° 7.881 17.083 33 5 51 3 109 54 4 

<*> 7.881 17.063 33.5 51.3 79 5 4 

7 -^96 18.1688 35.19 54 9 76 06 189 26 7 

» 7.6398 18.1688 35.19 54.9 76 06 108 191 96 ? 

7.72638 20.2924 108 ^99.96 11 

^ 0.39405 17.9644 28.019 1 

9.39405 17.9644 39 7?i r Q - ^ m 27.358 1 

- 0.8152 ie.633 S 5 'l' 6 ^ 625 '° 8 23 

Se 9.75238 21.19 30.8204 42 945 m lit 207,16 It 

Kr 13.9996 24.3599 36.95 52 5 6 ' 7SS ^ 

K» 13.9996 24.3599 36 .95 52 5 64 7 ™f 27101 10 

* 4.17713 27.285 40 5? 1 7 I 786 111 3 ^.0l 14 

*> 4.17713 27.285 40 52 6 7 VA "* 2 378 ' 66 14 

St 5,69484 11.0301 42 89 57 „ 1 * 136 514 ' 6 * " 

|f 6.75885 14.32 25.04 36.3 50 55 188 21 7 

Mo 7.09243 16.16 27.13 46.4 ' 54*49 68 8276 134 "° 7 * 

Mo 7.09243 16.16 27 13 15127 « 

W 8.3369 19*43 5 ' 49 68 8276 125664 143 6 4 ^-36 16 

Sn 7.34381 14.6323 30.5026 40.735 72 28 27 767 1 

Te 9.0096 18.6 165.49 6 

TO 9.0096 18.6 27.96 27 61 1 

Cs 3.8939 23.1575 55 57 2 

<* 5.5387 10.85 20.198 36.758 65 55 2? ° 51 1 

5.5387 10.85 20.198 36.758 65 55 77 R *** ** 5 

* 5.464 10.55 21.624 38.98 57*53 ?1 * 49 8 

Sm 5.6437 11.07 23 4 41 4 134 15 5 

6.15 12.09 20.63 44 81514 3 

Oy 5.9389 11.67 22.8 41 47 82 87 3 

P» 7.41666 15.0322 31.9373 81.879 3 

Pr 8.9587 18.563 54.386 2 

He* 54.4178 27 -*22 1 

Rb+ 27 285 54.418 2 

Fe3* 27.285 1 

Mo2+ 2? 54.8 2 

Mo4+ ' 27.13 1 

1n3- 54 49 

1 — 54 



54.49 2 
54 2 
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Two Electron TransferfTu^ Species!: m= \ \ n e 0 , p\ 

In another embodiment, a catalytic system transfers nn electron ,o 
a vacuum energy level from each of two species selected from the set of 
atom, ton, or molecule such that the sum of the ionization energies of the 
5 part.apat.ng atoms, ions, and/or molecules is approximately mXllleV 
where ,„ ,s an integer. One such catalytic system involves cesium The 
lust and second ionization energies of cesium are 3.89390 eV and 
23.15745 eV , respectively. The combination of reactions Cs to Cs> and Cs' 
"0Cr , then, has a net enthalpy of reaction of 27.05135 *V which is 
10 equivalent to m = linEq. (2). 

(18) 

Cs 9 + Cs u -> Cr + Cs 4 + 27.05135 eV ( ,m 
The overall reaction is 1 ' 

Hydrogen catalysts capable of providing a net enthalpy of reaction 
of approximately 27.2 eV to produce hydrino whereby each of two atoms 
or k>„s are oxidized are given infra. The atoms or ions in the first and 
2 0 fourth columns are oxidized to provide the ne, enthalpy of reaction The 
number ,„ the column following the atom or ion. (n). is the nth ionization 
energy of the atom or ion. That is for example. C5 + 3.89390 eV-> Cs' + e 
and I 0^23.15745^-,^^-. The net enthalpy of reaction for oxidation 
of Cs and Cs ts 27.05135 eV as given in the seventh column. 
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Single Electro Transfer (MalUple^Resisa) 

A catalysts is provided by the transfer of an electron between 
par ncpat.ng species including atoms. ions , moIeculeSj M<J 
modular compounds. I„ one embodiment, the ,ra„ for of e cln 

wucreoy me sum of the ionization pnprov »u t 

.i - • ^"i^auon energy of the electron donat ng SDecies 

"l:tt encr8y , or c,cc,ron affinhy ° f «* cie — "7 

spcc.es equals approximately mX27.2eV where m is an integer. 
Sin gle Electron Wfer fTw^ y ^ mc| in Pf] r ?J 

One such catalytic system involves calcium and cesium The third 
on.za .on energy of ca.cium is 50.9,3, e V; and C," releases 23 ,5745 eV 
^ U» reduced to The combination of reactions cAoCS ^ 

ZZ™ \o c :zi™ py of rcac,ion ° f • > 

27.75565 eV + Co" + Cj" + <y + + hF fl « 1 , 

(21) 
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The overall reaction is 



> Cr* + Co" + 27.75565 eV 



(22) 



P'J^13.6«V ( 23) 
Hydrogen catalysts capable of providing a ne, enthalpy of reaction 
of approxtmate.y 27.2 eV to produce hydnno whereby an etec.ron is 
transferred from one species to a SCCO nd species are given infra The 
atom or ,on in the first column is oxidized, and the atom or ion in the 
fourth column is reduced to provide the net enthalpy of reaction. The 
number ,„ the column fol.owing Jhe atom, or ion, (n). is the nth ionization 
energy of the atom or ion. That is for example, <*» + 50.913, e V-> Ca» + 
ectron V 7 ° f +2UW ? The ^halpy of reaction for an 
lumn '° " " 2776 ^ 35 8iVe " in ' he 



Atom or Ion 

Oxidized 


n th 

Ionization 


n th 

Ionization 
Energy (eV) 


Atom or Ion 
Reduced 


n th 

Ionization 


n th 

Ionization 
Energy (eV; 


Net 

Enthalpy 
of Reaction 
of Catalyst 




3 


50.9131 




2 


23.15745 


(eV) 




4 


51.2 


Cs'+ 


2 


23.15745 


27.75565 
28.04 


As>* 


4 


50.13 


Cs u 


2 


23.15745 




Nb 4 + 


5 


50.55 




2 


23.15745 


26.97255 
27.39255 




4 


49.95 


Cs u 


2 


23.15745 


26.79255 



S bEte Electron Transfer f T^ Sjkc ^ „, 7_n J _r U _ n ) 

One such catalytic system involves magnesium and europium The 
thud ,onizat,on energy of magnesium is 80.143 cV, and the second 
.on.zatton energy of europium is 24.9 The combination of reactions 

Z v i\ l ° ^ ,hCn ' h3S 3 ™ M " of -action 7 

sxi cV. which is equivalent to m = 2 in Eq. (2). 



M* 1 ' + Eu" -> A^ 5 ' + + 55.2 cV 



(24) 
(25) 
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The overall reaction is 



(26) 



Hydrogen catalysts capab.e of providing a „« enthalpy of reaction 
o pprox^a.ely to produce hydrino whereby an c ectron is 

ransferred from one ion to another are given ,„/„, Thc atoms or ion$ 
he first column are oxidized wh„e the atoms or ions in the fourth column 
ar reduced to provide the ne, enthalpy of reaction. The number in Te 
column following the atom or ion, („), is the nth ionizarion " £ 

atom or ton That is for exam P ,e. ^80,43,^1" ai T 

and 11 +24 - 9 r , THC Cmha,Py ° f reaCf5 ° n f ° r - id «»0« of »f 

and the rcduct.on of & is 55.2 eV as given in the seventh column 



Atom or Ion 
Oxidized 



Mg 2 



Mg> 



Mg 7 



Mg 7 



Mg 1 



n th 

ionization 



n th 

Ionization 
Energy (eV) 



80,143 



80.143 



80.143 



80.143 



80.143 



41.50 



Atom or Ion 
Reduced 



Nb 3 



Sb y 



n th 

Ionization 



n th 

Ionization 
Energy ( e v; 



27.76 



25.04 



25.3 



24.9 



25.03 



25.56 



Net 

Enthalpy 
ol Reaction 
of Catalyst 
(eV) 



55.38 



54.7 



54.8 



55.2 



55>1 



54.58 



is th. y hydride ^ bC a " Cffcc,ivc ca,a 'y^ -herein 7," 

s «he acttve spectes. Furthermore, titanium hydrino hydride is volatile 
and may scrve as a gaseous (rans . tion r e 

^rcr- ,ncrcased binding energy hyd ^ ^ 

hydrino hydr.de ions may stabilize the 2+ oxidation p 
•Manium (I.) hydrino hydride compounds are and 

™ (,/ 44 2C ' = fi WhCre ' " - neater than 1, preferably 

energy 1S 27.49^. m — \ in Eq. (2). Thus. ,he catalysis cascade for the p ,h 
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cycle is represented by 
27.491 fV+: 



• 77" + «JfltJ_ n»- + e - + w |_^_J +I(p+ „, _ pl]n36 tV (2?) 

5 77" + e - +27.491 «V (28) 

And, the overall reaction is 

i^hi^h {p+iy ~ pi]x]2 - 6ev < 29 > 

1 0 where p is an integer greater than 1. preferably from 2 to 200. 

Titanium hydrino hydride may be combined with another element 
to increase the effectiveness of the catalyst when Ti u is the active 
species. Exemplary titanium (11) hydrino hydride compounds are 
™i(U P ),MX, TiH(U P )^ 2 ^^j MX , TM(l, P lMH„, and 



TiH(l/p)^ir^^^MXH, where p is an integer greater than 1. 

preferably from 2 to 200, n is an integer, preferably from 1 to 100, M is 
an alkaline, alkaline earth, transition metal, inner transition metal, or rare 
earth cation, X is an anion such as halogen ions, hydroxide ion, hydrogen 
carbonate ion. nitrate ion, carbonate ion, oxides, phosphates, hydrogen 
phosphates, and sulfate ion, and // is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of multiple H. Preferably the 
more effective titanium hydrino hydride catalyst is TiMlfp) Mtf'or 
r,H(U p),MOH,. 

Silver hydrino hydride may be an effective catalyst wherein Ag u 
and Ag' are the active species. Furthermore, silver hydrino hydride may 
be volatile and may serve as a gaseous transition catalyst. Silver is 
typically in a 1+ oxidation state. Increased binding energy hydrogen 
species such as hydrino hydride ions may stabilize the 2+ oxidation state. 
JU bxcmplary silver (II) hydrino hydride compounds are AgH{\/ p\ and 

AgH(\lp)^H; 2c' = ^jj where p is an integer greater than 1, preferably 
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from 2 ,o 200. Silver may be a catalytic system because the third 

• omzauon energy of silver is 34.83 eV; and L releases 7 58 V • • 

reduced ,o Ag . The combination of reacti J ^ ^ 

5 TeZ. s en,ha,py of reac,ion of 2r25eV ' ^ » » 

*g+V'-* V+*g* + 27.25 eV 
The overall reaction is 1 ' 

TO-'fe]"""*"'-''^ 13 " 1 ' (32) 

,«H J? I 5 ""'" 0 h) "" ide ""' * a " effali ~ °><>lyst whc«i„ 

votrnHna iP " ieS - FU " he " n0 ' e ' »*-™ Mride may 

XHIT ,ha " '* FefCraWy ^ 2 10 20 °- NickcI 4 be a 

M« el asTs 7 £ r; h' ^ ° f ^ * 

reactions to I? , " " " '° * Thc ^nation of 

27 5 7 t k 3 M 10 ,he "' h3S 3 nc < ™^Py of reaction of 

27.53 eV, wh.ch ts equivalent to m = l in Eq. (2). 

UJ +A, ' 4W [(^J + ^+l) J -^JX13.6eV (33) 

Aff J * + M -> Ni" + M* + 27.53 e V ,,,, 
The overall reaction i$ 1 ' 

^]^fe] +I ^^->l'»".V (3 5) 
where , is an integer greater than 1. preferably from 2 to 200 

In the case that titanium, silver, or nickel metal- is present in the 

U nil 7 USCd " diSS0Cia, ° r «° ^ atomic' hydrogen the 
» tan « m stiver, or n.ckcl hydrino hydride catalyst may have an 
cce c ra cata)ylic fatc wherejn pfoduc[ > 

eac, wuh the utanium. silver, or nickel metal to produce f ur he 

J ucn as a:/, ^CO,. AM, or /?^C0 3 to ihe cell to 
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hvd?r ' h l. ini,ia ' formation of ti,anium - silver - °< 

nickel J,h ? ° f gC " Cra,Cd by reaC,in ^ « h « si.ver or 

^co, and or an aqueous solulion of R^CO, and « o 
An exemplary method to seneraip i Kv,^,«„ . ' ' 

hydrino hydride ions is to treat a 1 t l * ^ C ° m * rhin Z 

about 0.6 M Kj CO t , 0% H O to form dhS0C ' m ° r with 

21 10 form ,hc hydrogen catalyst TiH(\/ P ) 

I Itanium hydrino hydride mav f n ™ k„ .- . 
10 The potassium io„« * mamUm peroxide ^'ermediate. 

wim the formation of potassium metal. 

A further exemplary method to generate a hydrogen catalyst 
20 comprising hydrino hydride ions is to treat * f , 

dissociator with about 0.6 M ZcOJ 10% UO I T™ f^Y" 
cata»v« t.h/1 / \ -r.- • ^ /1U% W *3 ,0 form 'he hydrogen 
catalyst T,H(U P ) t . Titamum hydrino hydride may form by a titanium 

peroxide intermediate. The rubidium ions present may catalyze the 

catalyt fl" 3 PS hydrin ° hydride reaclor ™ 

catalyst for example, and hydrogen How, rubidium hydrino hydride may 

fo m wtth the loss of iodine from the cel.. Rubidium hydrino hydride " 
in tne case of a Rb 2 CO, catalyst, carbon dioxide and 

0Xy8C Cer ro met?,' ^ ,he , Cen °< 

Cestum metal may. catalyze the formation of hydrinos from 

composaion of cesium hydrino hydride may form with the ,oss 

of carbonate from the cell as carbon dioxide and oxygen. Cesium hydrino 
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hydride may react with tii an j um mc(a | lo form tjtan|um hydrinQ hydr . de 
and large amounis of cesium metal. 

^ In another method to form hydrogen catalyst, titanium hydrino 
hydride, the formation of titanium hydrino hydride is initiated by the 

^rnTr' llnl™ C ° mp0Und SUCh aS 3 t5,anium ha,ide «°< ««"»ple 
TiCQ, TiTe,, T^SO^, or TiS } which may react with an increased binding 

energy hydrogen species to form titanium hydrino hydride in an 
operat.ng gas cell hydrino hydride reactor. The increased binding energy 
hydrogen species may form in the operating hydrino hydride rcac .or 

Further examples of catalysts providing the catalytic reaction of Eos 
(3-5) ,s increased binding energy hydrogen compound KH. where n is an 
integer from one to 100 and increased binding energy hydrogen 
compounds KH.X where n is an integer from one to 100 H may be an 

'XT™ ™^ energY hydr ° 8Cn SpCcics and * is 3 com P°»«d such as 
KHSO,, KH!, KHCO, KHNO } , HNO,. KH 7 PO t , or KOH. In another embodiment 

rubid.um replaces potassium (e.g. RbHRbHCO, or RbHRbOH are the 
hydrogen catalysts comprising an increased binding energy hydrogen 
species such as hydrino hydride ion). The hydrino hydride compounds 
wh.ch are catalysts may be gaseous catalyst by operating a gas cell 
hydrino hydride reactor at an elevated temperature. 

A method to generate a hydrogen catalyst comprising a potassium 
or rubidium cation, an anion, and at least one increased binding energy 
hydrogen species such as a hydrino hydride ion is to treat a hydrogen 
dissociator such as nickel or titanium with an aqoeous solution of about 
0.6 molar salt comprising at least a potassium or rubidium cation and the 
anion and 10% H A to form the hydrogen catalyst. Alternatively, a first 
hydrogen catalyst having an anion is used in a hydrino hydride reactor 
such that the catalyst compound reacts with an increased binding energy 
hydrogen species to form a second hydrogen catalyst comprising a 
3 0 potassium or rubidium cation, an anion, and at least one increased 
binding energy hydrogen species such as a hydrino hydride ion 
Exemplary anions are O/r, CO?, UCO;, NO;. SO]; HSO;. PO\-, HPO]' . and 
H 7 PO;. For example, a method to generate a hydrogen catalyst comprising 
at least one increased binding energy hydrogen species such as a hydrino 
hydr.de .on .s to treat a hydrogen dissociator such as nickel or titanium 
with about 0.6 M K,CO>JW% H A to form a hydrogen catalyst comprising 
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potassium and at least one increased binding energy hydrogen species 
such as KHKHCOy or KHKOH . "yurogen species 

In an embodiment, .he catalyst »• according to Eqs. (6-8) maybe 
formed from rubtdium metal by ionization. The source of ionization may 
5 be UV hgh, or a plasma. A, least one of a source of UV ,i g ht and a plasma 
may be provtded by the catalysis of hydrogen with a one or more 
hydrogen catalysts such as potassium metal or K' ions 

In an embodiment, the catalyst K*f K' according to Eqs. (3-5) may 

1 0 may be UV hght or a plasma. A, .east one of a source of UV light and . 
plas ma may be provided by the catalysis of hydrogen with a one or more 
hydrogen catalysts such as potassium metal or K* ions 

In an embodiment, the catalyst Rb' according to Eqs. (6-8) or the 
ca», VSt *v r according to Eqs. (3-5) may be formed by reaction of 
5 ub.d.um metal or potassium metal, respectively, with hydrogen ,o form 
•h correspond^ alkali . hydride or by ionization a, a hot fi.amen, which 
may also serve to Associate molecular hydrogen to atomic hydrogen The 
ho. f.lamen, may be a refractory metal such as tungsten or molybdenum 
operated wi.hin a high temperature range such as 1000 to 2800 "C 

In an embodiment of the hydrino hydride reactor, a catalyst is 
selected such that a desired increased binding energy hydrogen species 
such as one selected from the group consisting of hydrino atom having a 
bimhng energy given by Eq. (1). a dihydrino molecule having a binding 
energy of about eV , and hydrino hydride ion having a binding 

2 5 energy given by Eq. (,0) is formed. The catalyst may be selected such 

that „ has a desired enthalpy of reaction of about *,X27.2,V where * is 
an integer to provide a selected catalysis of hydrogen. For example, the 
sum of the .onization energies of t electrons from an atom M to form M" 
.s about mX2T2cV. Thus, the catalysis cascade for the p ,h cycle is 

3 0 represented by J 



mX21.2eV^u — _ + _ ' "^+m)' - ^1*13.6 eV (36) 



The overall reaction is 
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where p is an integer greater than 1, preferably from 2 to 200 The 
desired hydrino product may f urlhcr rcac , lo form a ^ 

5 clpo«„r rgy hydr ° ECn SPCCieS ° r inCrCaSCd binding ™* h > d -Sen 
It is believed that the rate of catalysis is increased as the net 
enthalpy of reaction is more closely matched to „,-27.2el/ where M is an 
integer. An embodiment of the hydrino hydride reactor for producing 
increased binding energy hydrogen compounds of the invention further 

1 0 composes an electric or magnetic field source. The electric or magnetic 

field source may be adjustable to control the rate of catalysis 
Adjustment of the electric or magnetic field provided by .he electric or 
magnetic field source may alter the continuum energy level of a catalyst 
whereby one or more electrons are ionized to a continuum energy level to 
15 provide a net enthalpy of reaction of approximately mX217eV The 
altera.™ of the continuum energy may cause the net enthalpy of 
reaction of the catalyst to more closely ma.ch m-71.2eV. Preferably the 
electric field is within the range of 0.0! - 10* Vim. more preferably 

2 0 n V/ u- ^ PrefCrab,y J - J ° 3V '"' Preferably, .he magnetic 

2 0 fiux is within the range of 0.01 -50 T. A magnetic field may have a strong 
gradient. Preferably, the magnetic flux gradient is within the range of 
10 -10 Tern and more preferably Hr'-lTcm"'. 

For example, the cell may comprise a hot filament that dissociates 
molecular hydrogen to atomic hydrogen and may further heat a hydrogen 

2 5 dissociator such as transition elements and inner transition elements. 

.ron platinum, palladium, zirconium, vanadium, nickel, titanium. Sc. Cr 

Ce. Pr, Nd. Pm. Sm. Eu. Gd. Tb. Dy, Ho, Er. Tm, Vb. Lu, Th, Pa, U. activated 
charcoal (carbon), and intercalated Cs carbon (graphite). The filament 

3 0 may further supply an electric field in the cell of the reactor. The electric 

field may alter the continuum energy level of a catalyst whereby one or 
more electrons are ionized to a continuum energy level , 0 provide a net 
enthalpy of reaction of approximately mX27.2,V. In another 
embodiment, an electric field is provided by electrodes charged by a 
3 5 variable voltage source. The rate of catalysis may be controlled by 
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' ™ie oy altering the continuum energy level 

r I «w»i«es an atom or ion to provide a eatalvc. 

> having a net enthalpy of reaction <*f • . catalyst 

- . F ' Vl reac "° n of approximately wX272eV For 

examples, potassium metal is ionized to „, 

to'*** to provide ,he catalvsts ae,n V '„ ^ ™ eWl * f ° nizcd 

ne catalysts according to Eos. (3-5) or Pas if. R\ 
respectively. The electric field source may be , Jn , 

«*'gy nyarogen compounds may be adjusted 

~»*r. rife "t r* rr '-■ 

healer a hvd„,„„ h' P Mrofen dissociaior. a caialysi 

i r«T S """ ht " c '- ' "» *— ■ - » — »f 

f-27.2,V 

2 (38a) 

.. .he nc, e„,h,,p y of rtaction „ „ ^ ^ „ ^ ^ 

has b.e„ ro„„d calal havi „ 8 , re , * 
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f_Efeclron Transfer fQ ne S pecjet) 

In another embodiment, a catalytic system is provided by the 

r?Lf ; eIcc r s from a par,icipa,ing ^ « « ■*«; .„ 

.on. a molecule, and an ,onic or molecular compound to a continuum 
energy ,evel such that the sum of the ionization energies of the 7 
electrons is approximately f 2 7.2eV where m is an integer. One such 
catalytic system involves dysprosium. The first, second, and third 
tontzauon energies of dysprosium arc 5.9389^.11.67*1/ and 22SeV 
respectively [David R. Linde. CRC Handbook of Chemistry and Physics 78 
« , Edtnon CRC Press. Boca Raton. Florida. (,997). pp. 10-2,4-10-2 6]' 
The three rontza.on (, = 3 ) action of Dy , 0 Dy**, then, has a net enl.py 
of rcact.on of 40.4, eV. which is equivalent to m = 3 in Eq. 38a. 

40.4, e V + O , + ^]^^ +3 ,- + ^j +Kp+J)3 _^ i36eV 

(38b) 

Dy u +3e- -+Dy+ 40.41 eV f3g 
And, the overall reaction is 

%]"4(^I)] +l(P + ,>> ^ 3lX,3 ^ l/ OSd) 
Hydrogen catalysts capable of providing a net enthalpy of reaction 
of approximate* -^.IcV where m is an integer to produce hydrino 
whereby , electrons are ionized from an atom or ion are given infra The 
atoms or tons g,ven in the firs, column are ionized to provide the net 
enthalpy of reaction of 2-27.2 «V given in the tenth column where m is 
given in the eleventh column. The electrons which are ionized are given 

enet C , T T a,,0n PO,emia ' W *° i0niZa,i ° n ™*» " ^ 

de In Ld by 7p Z >T PO,Cn,i K a ' °rf ^ °< thc atom « « 

aes,gnated by IP, and ,s g.ven by David R. Linde. CRC Handbook of 

Chemtstry and Physics, 78 th Edition. CRC Press. Boca Raton. Florida. 
0997 . pp. ,0-214-10-2,6 which is herein incorporated by reference 

Dy + 22. 8e v-4oy + e . The first ionization potential. /^=5.9389 e V. the 
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L i0 f a,, "° n . PO,eD,lal - «5-»^«V. *nd the third ionization potential, 
//J-22.8,V. are g.ven in the second, third, and fourth columns 

respectively. The net enthalpy of reaction for the triple ionization of Dy 
ts 40.409 cV as given in the tenth column, and ,,, = 3 in Bq. (38a) as given in 
the eleventh column. 
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11.8 


22.84 
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6.108 
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22.74 


tu 
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13.9 


20.96 



JP4 IPS iP6~ IH7 IPO Enthalpy rT| 

81.032 6 
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81.514 6 
82.87 6 
81.879 6 
40.409 3 
40.662 3 
40.778 3 
40.285 3 
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A process of the present invention is the formation of a metal such 
as^ potassium metal, rubidium metal, or cesium metal by the reduction of 
* , Rb\ or Cs\ respectively, via the catalysis of hydrogen to form 
increased binding energy hydrogen compounds and the metal. Other 
metals such as lithium or sodium may be made by reacting potassium 
rubidium, or cesium metal with a lithium or sodium compound, 
respectively. Techniques commonly used by those skilled in the art can 
be used ,n a similar manner to form and isolate other metals by reacting 
potass.um, rubidium, or cesium metal with an alkali compound. The 
reaction may occur continuously in the hydrino hydride reactor For 
example, a hydrogen catalyst such as K^O, may be added to a gas cell 

>n r ™° hydridC rCaC, ° r COn,ainin 8 an alkaI ' compound such as Na lC O s or 
L h CO } . Catalysis of hydrogen produces hydrino hydride compounds and 
potassiurn metal. Potassium metal is more active than lithium or sodium 
metal. Thus, the potass.um metal reacts with Na 7 CO, or Li, CO, to form 
K,CO } and hth.um or sodium metal, respectively. In one embodiment, the 
alkal, compound that is not a hydrogen catalyst is present in a molar 
excess. In another embodiment, other elements or compounds of other 
elements present in the hydrino hydride reactor such as alkaline earth 
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transition metal, rare earth, and precious me.a. compound, are reduced 
by an a.kahne metal formed in ,he bydrino hydride reactor 

the J,", CaSC lha< Ca ' a,yS< " FCdUCed «° a ™ ta ' ^"ng catalysis 
he mc.a. may accomu.ate in the reactor such as a gas eel, hydrino 

CVT?r ri :^ opera,ion - Hydrin ° ^™ P oJjz ing . 

cation in a high oxidation state mav form , . 

catalysis reaction is given by Bqs (3 5) A t P * he P 0,a " iu ™ 

reaction is: * q ( > A P ° taSS,Um me,al 

2 iwh r ->'*+™-(»p) (3! » 

Potassium meta! may accumulate in the n»n > • 

Th^ . - i««wic m me cell as /, is pumped from the cell 

Alternatively, other oxidants such as water oxy E cn or a I' • 
^supplied to ,he gas ce„ hydr.no hydr.de' ST " 

2 0 binding'" 8 " rr CrS SUCh " " lay bC SymhCSiZed f ™ — scd 
2 0 b ndtng energy hydrogen compounds by polymerization. Increased 

bmdmg energy hydrogen compounds may be reacted wilh p^ L ng 

en I! °; o : d ' Z,n8 T ,S> rCdUC,ant$ ' ° r — Benerating 
agents to form polymers. Increased binding energy hydrogen species of 

> 5 b ; c «act r encrgy hydrosen comp ° unds - l ;n 

suit b I" nC " m0rC ° f P^Hring agents. Examp es of 

rhir^ 6 " 76 t: inc,ude ni,ric acid - ^ 

o base and ' hy<S [° m ™ P<>«assium metal, and a mixture 

of base and hydrogen perox.de such as W „ ydrogen poIy ^ C 

may also form dunng catalysis in ,he electrolytic cell, gas eel! J s 
•h= ,eac„o„ mix ,u,e b, ft, ™ botl! givcn ,„ lhe p urif LL 0 " 
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Increased Binding Fnerov u»a,*« 

incorpo,„ed herein by raw' °" "" V "*>*■ » 

3 i-.rrz;;?:;';:": raa> a,so * ~< - 

compound such as potassium hJ- u " CaSCd b,nd,n 8 energy hydrogen 
hydride is formed as „ „,T 'j 1 "" 0 0r "ydrino 

io -peracure in " 

10 « within .heVof aC'500 "T^ **** 

example, if the increased bindL f C '° abou ' 2800 "C For 

formed in a gas eel] hli- h hydf ° gCn C ° m " 0Unds a ' e 

-peramre JL^1£f£ f ? - a 

increased binding energy hvdrJL ab ° Ul 800 * C ' ,hc 

" - ce„ r po] ~ in 

range within about 850 « C to about -r , ^ ,em P cralure »o 

polymerization may be cataLTh T 8 " cmb °<h™nt. the 

reactor may comprise a hot JZZ Z " ^ hydr ' n ° h y dr5de 
2 0 temperature such as a ,crZ , ™ main,ai »ed at an elevated 

herein hydrogen cal^" ^ ! 2 °° ° C » *C 

hydrogen species which polymeria ' ,nCrCaSCd b ' nding ene W 

Based on the disc.osure £JT£ ^ ** ^ mamCD «- 

a sui,ab.e polymerization ternperl e ^ fl" 7" ^ ablc t0 Se, ~< 

" binding energy hydrogCfl poIy P ; r e 7 re '° fo ™ 'he desired increased 

electro"^: ^"ST IT ^ *~ * * * 
compounds. Hydn X ^ e ^TT" *" »" °' 0 < di » a '> 

hydride may be purified by Lot T 35 P °' aSS ' Um 

- -he anion of the ^ t ^ **« 

products of ,hc byd,i„o hvdrid. ,™ "•'"tawil. Ihe re« c ,io„ 

potassium mcW | fomis . ca "°" » f catalyst such as 

™.ly« such „ „„™ „ ' V 0 , ? d " K '""^ *»»» °f .b= 

■* ca,„ ys , rx'iT^ :r ? "* — - 

aep..a,ed W , he hydrino hydr , dc ^ J- - J»-J- ^ „ rc 
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electrolysis. Methods of separation such as distillation and phase 
separation techniques commonly used by those skilled i„ the art can be 
used » a similar manner to isolate hydrino hydride compounds. For 
example, ,odmc can be removed at low temperatures as a gas and 
potass.um metal can be removed with the cathode onto which it 
electroplates. 

A method of isotope separation comprises the step of reacting an 
element or compound having an isotopic mixture containing the desired 
element w„h an mcrcascd binding energy hydrogen species in atomic 
percent shortage based on the stoichiometric amount to f Ul ,y react with 
or bond to he des.red isotope. The increased binding energy hydrogen 
spec*. ,s selected such that the bond energy of the reaction product " 
dependent on the isotope of the desired element. Thus, an increased 
bmd.ng energy species can be selected such that the predominant 
rcact.on product contains at least one increased binding energy hydrogen 
spec.es bound to the desired isotope. The compound comprising at Teas 
one increasc d binding energy hydrogen species and the desired" 
can be separated from the reaction mixture. The increased binding 
energy hydrogen species may be separated from the desired isotope to 
ob.am the destred isotope. The recovered isotope may be reacted with 
the mcrcascd b.ndmg energy hydrogen species and these steps may be 
r = ed t0 b in . desired , evcl of enrichmem ^ of P he y* 

isotope ,n th.s context includes an individual element as well as 
compounds containing the desired elemental isotope 

Another method of isotope separation comprises the step of 
reacting an element or compound having an isotopic mixture containing 

' f ? COt W,,h 80 inCr€a$ed bind5n * cncr ^ WW* secies 
that bonds to the undesired isotope. Since the bond energy of the 

reacon product is dependent on the isotope of the undesired e.ement, 

an increased b.nding energy species can be selected such that the 

predominant reaction product contains at least one increased binding 

isZe I ^ T 1CS b ° Und l ° Und « ircd IS0, °P- and the 
sotope remams substantially unbound. The compound comprising at 

leas, one mcreascd binding energy hydrogen species and the undesired 
oope c be d from lbe rcact . on mjx(urc [o ob(a . n d€si ^ d 

•sotope. The use of the term "isotope" in this context includes an 
.ndtv.dual element as well as compounds containing me desired 
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elemental isotope. 

reading an increased binding enerov h»A*~ 

respect to the increased binding energy hydrogcn specje$ 
compound enriched in the desired isotope- 

.he reactor;::;:* ::: compound ^ >» «■« **- «*» 

! 0 separating the increased binding energy hydrogen species 

from the desired isotope to obtain the desired isotope 

iS o,ope A s no c i :: r P ir of separa,ing a acsired **- - 

reacting a mixture of isotopes with m . r 

1 ' ^jng energy hydrogen species .fflL.^ ~ J ^ ~ 

:~L,:r a nd m,xturc ,o form a <~ — - - 

removing said compound enriched in the und esired isotope 
20 contain^ * ~ ~ ~ 

as wents^hTmeL^'T 5, ^ Chwcteri ««« °' *• ***** « invention, 
as well as the methods of operation and the functions of the related 
c ements. W iH become apparent upon considcra(ion of (he J^J 
description and the appended claims with refers , * 
2 5 drawings, all of which form a p art of Th ! , f a «ompanyin g 
. r part of lhls specification, wherein like 

reference numerals des.gnate corresponding pans h the va jj'ngurcs. 

30 i„ accord! VaT""* ^ ° f " ^ CCl1 hv * id < —tor 
accoroance with the present invention; 

FIGURE 2 is a schematic drawing of an experiment.! quartz gas cell 

yd "? 1f ;rr " aCC ° rdanCC ,hC ^vent ion; 8 

HGURE 3 is a schematic drawing of an experimental concentric ouartz 

M| G R 4 tt 3 SChcma,,c drawi "8 ^ an experimental stainless steel « s 
Hgure 96A „ the positive ToF-SIMS spectrum («y.. 0 -») of 99999% 
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KHCO } (HC = hydrocarbon); 

^^^^X™ spec,rum <«"-»-'«> * 
■^i^ h c£rs^r spec,rum ( ™->o f 
»2zi&£r$z££^ spcc,rum <— «»°< 
^^ctrSiSS! 11 ' spcc,rum <-'~« : »>* 

*jsr ss^js n;tc^r s spec,rum {m "-™- 4 *» of 
. 5 *.ss: ss^ r^™! MS spcc,rum or 

Figure 98A is the posi.ive ToF-SIMS spectrum («/.- 0 -S0) of an 
electrolytic cell sample where HC = hydrocarbon- 

Figure 98B is .he positive ToF-SIMS spec,r«m 100) of an 

electrolytic cell sample where HC = hydrocarbon; 

Rgure 98C is the positive ToF-SIMS spectrum (»/* = JOO-150) of an 
electrolytic cell sample where HC = hydrocarbon; 

Figure 98D is .he positive ToF-SIMS spectrum («/, = 150-200) of an 
electroly.ic cell sample where HC = hydrocarbon; 

Figure 99A is the positive ToF-SIMS spectrum (We = 200 - 300) of an 
electroly.ic cell sample where HC = hydrocarbon; 

Figure 99B is the posi.ive ToF-SIMS spectrum (m/e =300 - 400) of an 
elcctrolyttc cell sample where HC = hydrocarbon; 

Figure 99C is the positive ToRSIMS spectrum („/, =400 - 500) of an 
electrolytic cell sample where HC = hydrocarbon; 

Figure 99D is the positive ToF-SIMS spectnim („/* =500-1000) of 
an electrolytic cell sample where HC = hydrocarbon- 

Figure 100 is the 0 ,o 80 eV binding energy region of a high resolution 
spectrum of an elec.rolytic cell sample- 

3 5 the'Slr 01 .' SUFVey SPCC ' rUm a " C,eC,r °^ ,ic CC " —P' e "I* 

>:> the primary elements identified; 

Figure 102 is the magic angle spinning proton NMR spectrum of an 
electroly.ic cell sample; 
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lhe R ™ h ^ f OVCr,aP m SpCC ' rUm an e,ec,r0, y ,ic «» -"I* ™d 
r SpCC,rUm of ,he re ^e„cc potassium carbonate; 
F lgure 104 is the stainless steel gas cell comprising a Ti screen 

dissocaior, potassium metal catalyst, and Kl as the reactanr 

crysulsT I05A " POS5 ' iVe T ° F SIMS SPCC,rUm <"" = <>-*» ot the blue 

bJtysulT " ^ P0Si ' iVC T ° F " S1MS <""<= 5 °-"*» of the 

• 0 b,ue Fi8 c" ^ P0ShiVC T ° F SIMS W - (—- 150 ) of the 
b»ue Fi£ c U ; C s«r D ^ P0ShiVe T ° F - SIMS SPCC,rUm <-'-«»-»> of the 

blur 8 c U ryst!ls; A ^ ^ T ° F " SIMS SPeCUUm <""-°-») of .he 

' 5 blue i8 c U r;tals; B " ^ nC8a, ' VC SPeC " Um <■""*>-■»> of the 

blue'tysJsf " nC8a(iVC T ° F - SIMS SPCC,rUm <■"-■»-»> of .he 

20 b ,„e R8 c U ;;sI; D " ^ SPCC,rUm C-/-l»-«0) of the 

Figure 107 is the XPS survey scan of the blue crystals- 
F.gure 108 is the 0-100 eV binding energy region of a high resolution 
XPS spectrum of the blue crystals; 

2 5 XpfrV 09 T ^ b5ndin8 CnCrgy reg5 °" °< a hi « h solution 

^5 XPS spectrum of the control Kl\ 

ex, F rf r/! 0 " K^, SPCC ' rUm ° f the COn "°< *» "*«~ to 

external telramethylsilane (TMS); 

Figure 111 is the '// MAS NMR spectra of the blue crystals relative to 
external telramethylsilane (TMS)- 

30 forllL!" " >H SPC;UUin ° f b,UC Cry$,a,$ — cd 10 * 

for'riiiiL: ,he * NMR spectro,n ° r ,he wuc crys,ais to * 

35 for^ill; * ^ ° f ^ *" — d » * 

for^inl; ^ ^ ***** " * ^ «P~" * * 
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Figure 116 is ,hc FTIR spectra (500- 4000 o,,-) of .he blue crystals- 
Figure 117 is the FTIR spectra (500- 1500 «-) of the blue crystals-' 
Figure 118 is the results of the Selected Ion Monitoring LC/MS analysis 
of .he blue crystals wherein the mass spectrum comprised the «/*«2046 
ion signal; ° 

Figure l l9 is the results of the Selected Ion Monitoring LC/MS analysis 
of the blue crystals wherein the mass spectrum comprised the m/z = 3076 
ion signal; 

Figure 120 is the gas chromatograph of the dihydrino or hydrogen 
released from the blue crystals when the sample was heated to above 600 
C with melting; 

Figure 121 is the intensity as a function of time for masses „/, = | 
m/e = 2, and m/, = 3 obtained while changing the ionization potential (IP) 
of the mass spectrometer from 30 eV to 70 eV for gas released from 
t 5 thermal decomposition of the blue crystals, and 

Figure 122 is the intensity as a function of time for masses m/c = l 
*/«-2. and „/,«3 obtained while changing the ionization potential (IP) 
of the mass spectrometer from 30 eV to 70 eV for ul.rapure hydrogen. 

IV. DmmEQJBES£RJEI TQN opthf jht yEMTJON 
Formation of a hydrino hydride ion allows for formation of alkali 
and alkaline earth hydrides having enhanced stability or reduced 
reactivuy i„ water. Increased binding energy hydrogen species are 
capable of forming very strong bonds with certain cations and have 
unique properties with many applications such as cutting materials (as a 
replacement for diamond, for example); structural materials and synthetic 
fibers such as novel inorganic polymers. Due to the small mass of the 
hydr.no hydride ion. these materials can be made significantly lighter in 
weight than present materials containing conventional anions 

Increased binding energy hydrogen species have many additional 
applications such as cathodes for thermionic generators; formation of 
Photolum.ncscent compounds (for example Zintl phase silicides and 
silanes containing increased binding energy hydrogen species); corrosion 
resistant coatings; heat resistant coatings; phosphors for lighting; optical 
coatings; optical filters (for example, due to the unique continuum 
emission and absorption bands of the increased binding energy hydrogen 
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species); extreme ultraviolet laser media ( ( nr , 
wi«h a with highJy pos|(ive) ch ;j d ed a a( il„T rtT 3 COmP ° Und 

sample, as a material with » i * ° P ' iC Cab,e$ (for 

radiation and a 7TjrZ Z MM ° n "* e,ec '™-3 g netic 
* "orage media f ta m p ' I "T 

such as iron, „ cke | or c /om L \ 7 2 cation 

-hods; and refining 1, The ~ ~» 

(//>= j /p) whcrc • int 'r l p ydr,no h y drid€ io « 

property such as vohal , SC,CC,ed '° PrOYidc lhe 

b^^T^*^ Wi « h the hydride ion. 

Increased bindin. e „ e „ v hvdr „„„ " ' * des,red el «"™'- 
« told. „, a rai „„e 0( JZem and/ ' " <"*""«"»• 

**. e„e f8y M „ 8cn ~- a ~d:: f r, M " 

mc case of silver an P , rm „, - nmnm * ,he desired element. ]„ 
compound is £ ZZ7 'a na^nd^ 

vessc of the hvdr.™ u„a ■ i placed in the reaction 

reaction o n m^ W ^ ^ ^ *« 

desired element ^J^^***" ^ * 

separated from the mixture b Jrf ™ y be rcadi, y 

e-^y hydrogen compouTd us ng " ^ ^ 

as volatility or solubility The oLfi, k „ SC u para,,on me thods, such 
^ where , is ao i^ J^J^^^ ^ = 

Che compound which a low £ ^ 2 ^ °< 

element from the mixtu e Th * °' "V™'™ ° f dcsi ' cd 

mixture by ,he meThods * I , P ° U " d bC P " rified from *■ 
Hnergy »^^?^; * P ~» * ^ased Binding 
3 0 Application. PCT US98/14029 Hled , ? F™"* ?CT ^ 

ss^rr*. rairtf : - b " inc ~ 

-ods such a£ theUTHe^ ~ » 

3 5 energy J^T^S? ? " 

such as semiconductor etchinn to fl C ' Ch,ng Pr ° CeSSes ' 

Hydrino hydr.de ions a^usefu as donaTT" Ch ' PS ' 

usetul as dopants for semiconductors, to alter 
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se,cc,cd , 0 prov.de a desired property such as band gap f olIowing doping . 

Due ,o the h.gh energy released in ,he formation of a hydrino 
ydnde l0 „ from a hydrino, the hydrino may be a useful etchLg agCn , 
yd inos may be generated such that they co.Iide with the surface i be 

1 0 mcr itS h 7 ,hat * he SUrfaCC ^ ™ oxidized. 

0 Increased b.ndmg energy hydrogen compounds may provide hydrino, 

The hydrinos may be supplied to the surface by thermally or chemically 
decomposing increased binding energy hydrogen compounds. ' 
Alternatively, the source of hydrinos may be an electrolytic cell gas cell 
gas discharge cell, or plasma torch eel, hydrino hydride reactor of h 

> 5 present .nvenfon. To contact hydrinos with the surface to be etch d the 
object hav.ng the surface may be placed in the hydrino hydride reacio 
or example Alternatively, hydrinos may be applied as an atomi b am 
by methods known to those skilled in the art. 

Hydrino hydride compounds can be formulated for use as 

Z7TTT maSk,ng agemS - Hyd " n0 ^-" -minated (versus 
normal hydrogen-terminated) silicon may be utilized. In one 

TcTZ CM |h hyd " n ;jP ecies -'«-na.ed (versus hydrogen-terminated) 

on d Syn ; hCS,ZCd ^ CXP ° SUre ° f SUiCOn ° r a >*™ impound such as 
silicon diox.de to hydrinos. Increased binding energy hydrogen 

suTe 0 :;; r h i7 vidc hy H drinos - Tbc ,,ydrinos ™ y * ^ - «• 

surface by thermally or chemically decomposing increased binding 
energy hydrogen compounds. Alternatively, the source of hydrinos may 
e an electronic cell, gas cel., gas discharge cell, or plasma tore cel. " 

0 JTL " rCaC,0r °' PreSen « inVCnU0n " T > — Mrinos 
real f T^' ^ ^ m > p,3CcU in lhe ^rino hydride 

r actor for example. Alternatively, hydrinos may be applied as an 
atomtc beam by methods known to those skilled in the art 

Increased binding energy hydrogen silanes that are stable in air 
nd/ or ble a , e , evatcd tcmperatures usefuj sources 

5 silicon which may be obtained by decomposition of purified increased 
b nd Jng e h drogen sj)anes por exampie decom 

silicon may be chemical or thermal. 
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Due «o the extraordinary binding energy of increased binding 
energy hydrogen species such as hydrino hydride ions, increased bindino 
energy hydrogen compounds may contain protons. Thus, increased ° 
.binding energy hydrogen compounds may be a source of protons. One 
5 method to release protons is thermal decomposition of ,he increased 
bindmg energy hydrogen compounds, preferably in vacuum 

The highly stable hydrino hydride ion has application as the 
negative ion of the electrolyte of a high voltage electrolytic cell In a 
fur.her application, a hydrino hydride ion with extreme stability 
10 represents a significant improvement as the product , of a cathode half 
reac.on of a fuel cell or battery over conventional cathode products of 
present batteries and fuel cells. The hydrino hydride reaction of Eq (11) 
rele«es.g„ir,ean«.y more energy than oxidants used in conventional 

15 a further advanced bat.ery application of hydrino hydride ions is in 

•he fabr,cat,on of batteries. A battery comprising, as an oxidant 

ca°Z° U a i 3 l y T m l:^"^ C ° mPOUnd f ° rmed ° f 3 

cation and a hydr.no hydride ion ("hydrino hydride battery"), has a 

lighter weight, higher voltage, higher power, and greater energy density 

20 than a convent.onal bat.ery having a cell voltage of about one volt In 

one embodiment, a hydrino hydride bat.ery has a cell vo.tage of about 

100 ,mes that of conventional batteries. The hydrino hydride battery 

also has a ower resistance than conventional batteries. Thus, the power 

of the novel battery can be more than 10.000 times the power of 

2 5 conventional batteries. Furthermore, a hydrino hydride battery can be 

formulated wh,ch posses energy densities of greater than 100.000 wa.t 
hours per kilogram. In contrast, the most advanced of conventional 
batteries have energy densities of less that 200 wat, hours per kilogram. 

30 circn , h r SCnt ^ fUrlhCr C ° mprise an c,cctronic Ovation 

30 c.rcuu wh.ch is act.vated by a user specific input signal called a 

password" or "key" such as a swipe card signal. Or the battery may be 

activated by a s.gnal transmitted to the battery from an electricity 

suppher such as an electric utility comp any which permits the battery to 

3 5 e ectromc device such as a computer chip which may be installed by the 

elec.nc.ty supplier. The signal which activates the battery to be charged 
™y be transmitted to .he bat.ery .hrough electrical ,ead7 of the charger 
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for example. The activation may signal . debit to the electricity consumer 
based on the electricity consumed during battery charging 

i ^ * 'T 1 ^ ° f hydr ° gen by Ca,a, y s,s such « POtaslium ions (Eos 
-5)) and rub.dium (Eos. W) , , 0 form hydrjno J and ? ™ 

hydnde ,ons may result in the emission of extreme ultraviolet (EUV) 
Photons such as 912 A and 304 ,4. Extreme UV photons may ionize or excite 
secular hydrogen resulting in molecular hydrogen emission which 
.nc udes well characterized ultraviolet lines such as the Ba.mer Ter s The 
hydrogen emission or the hydrogen emission further converted to other 
wavelengths- using a phosphor, for example, is a lig hti„g sou ce of the 
present .nven.on. The light source may produce wavelengths such as 
extreme ultraviolet, u.travio.et. visible, and infrared wavelengths 

Due to the rapid kinetics and the extraordinary exothermic nature 
of he reasons of increased binding energy hydrogen compounds 

m"' "r" 0 hydnde C ° mP ° UndS - ^ ^-^s^clude 
munmons, explos.ves, propellants. and solid fuels 

The selectivity of hydrino atoms and hydride ions in forming bonds 
w.th specfic isotopes based on a differentia, in bond energy p" vTdes a 
means to purify desired isotopes of elements. 

Hydrogen polymers and inorganic hydrogen polymers comprising 
■ncreased b.nd.ng energy hydrogen species may be useful as 
superconductors having a high transition temperature. 

I. HYDRmF^f 

A hydrino atom «[^] rcac ts with an electron to form a 
corresponding hydrino hydride ion *{„ = ,,„) aS given by Eq. (11) 
Hydnde ,o„s are a special case of two-electron atoms each comprising a 
nucleus and an -electron ,- and an "electron 2". The derivaZ o he 
b.nd.ng energ.es of two-electron atoms is given by the '99 Mills GUT A 
the eouT ary °l' hC hydrWC binding «~» follows whereby 

:»t;r M i,i:o n uT bers of thc format ( *-* m ~ » *~ ->» 



n nrn J e l '° n C ° mPriSeS tW ° indis ^8«^hab»e electrons bound to 
. proton of 2 = +1 . Each clcctr0n cxperienccs a 

balancng centripetal force (on each electron) is produced by «h elec trie 
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force between the electron and ,he nucleus. ,„ addition, a magnetic force 
ex.sts between the two electrons causing the electrons to pair. 

. u Pgisaninaiioa of the O rhiKnh^ p a H in ^ 

fo, m *T!? Z bindi " E ° f 3 SCCOnd CleC "° n IO 3 h ^ e « «On, to 
orm a hydnde ,on. The second electron experiences no central electric 
orce because the electric fie* is zero outside of the radius of 1 

tZlonT™' ^ $CCOnd eleC,r ° n eXPCri€nCeS 3 "»•"■* *** - 
to electron 1 causmg ,. to spin pair with electron I. Thus, electron 1 

«penences the reaction force of electron 2 which acts as a centrifugal 
force The force balance equation can be determined by equating the 
01 f ° rCeS aC,,n * ° n ,he < w ° ^nd e(ec,rons taken together. The force 
balance equat.on for the paired electron orbitsphere is obtained by 
equahng the forces on the mass and charge densities. The centrifugal 

rn,. b.ectnc field hues end on charge. Since both electrons are paired 
at the same radius, the number of field lines ending on the charge density 
of electron 1 equals the number that end on the charge density of * 

tTL ^ C T ,r , iC f ° rCC iS P ro P° rtiona ' «° number of field lines- 
thus, the cen.npe.al electric force. Frff . between the electrons and the 
nucleus is represented by 

where £ „ is the permittivity of free-space. The outward magnetic force 

2 5 ,°he massTs IT" ruTT * ° f E * < 715 > w «ere 

me mass ,s 2m.. The outward ccntnfugal force and magnetic forces on 

electrons I and 2 are balanced by the electric force % 

2m r r? 4nt.r\ Z2 Wr r, jV ^ +1) (43) 
where Z=l. Solving for r„ 

^=^=-o(i+v^n));,=i (44) 

30 That is. « h e f jnal radius of clecIron 2 ^ ^ givcn fey £<} ^ ^ 

the Hnal radius of electron 1. 



20 
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L2 — BindiQ^JEfler^y 

During ionization, electron 2 moves to infinity. By the selection 
rules f 0r absorp.ton of e.ectromagne.ic radiation dictated by conservation 

5 an, 8 r, m ° mentUm ' abSOrP * i0n ° f 3 Ph ° ,0n Causes the axes of the 
S £ sptn-paired Cecrons to become para , Ie ,. The U n P ai,i„g 

e -'gy. B^ lmaglMK) , 1S g , vcn by Eq (? 30) and Eq (44) j & a 

two because the magnetic energy is proportiona, to the square of the 
rnagneuc field as derived in Eqs. (I.12M.129). A repulsive magnetic 

i o rip" ?; e,ec,ron ,o be ionized due to ,he ^ - 

the spm axes. The energy to move electron 2 to a radius which is 
-nfinuestmaHy greater than that of electron 1 is zero. In this case, the 
only force actmg on electron 2 is the magnetic force. Due to conservation 
of energy, the potential energy change to move electron 2 to infinity ,o 

1 5 {ST & ^ E^S" f ~ ^ magnetic force of B q 

v ; e magnetic work. £^„ , s lhe negatjve imegra , Qf |he ^ 

force (the second term on the right side of Eq. (43)) from r, to infinity. 

E ^-j~^RT{T)dr (45) 

where r, is given by' Eq. (44)._Jhe result of the integration is 
E 

^X[j + V^H)f (46 > 

2 0 where By moving electron 2 to infinity, electron J moves to the 

-dius r, = a and the corresponding magnetic energy. E,^ l(magnetic) , 

Ldlhe bi? <7 - 30) ' 10 PreSCnt C3SC ° f a " inV - e — I 

field the bindmg energy I$ one half the negative of the potential energy 

£owles. G. R, M^UA^^, Third Edition. Holt. Rinehart and 

25. Wmston. New York. (,977). pp. 15 4-,56,. Thus, the binding en^ can 

be determmed by subtracting the two magnetic energy terms from one 

half the negauve of the magnetic work wherein m , if the ZcllZ reduced 

-ss „, glV en by Eq. (,,67) due to the electrody'namie magnetic fie 

3 0 ThlT, T 2 an<1 nUC,CUS giVC " by ° nC ha,f tha < of Eq. (,.,64) 
3 0 The factor of one half follows from Eq. (43). 
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Binding Energy =-—E - t? i . . _ 

The binding energy of (he ordinary hydride ion «-(„ = !) is 0 75402^ 
aceording ,o Eq. (47). The experiment value given by Dean [John A. 

S Bo^ r' La * ££ ^^^ Thirteenth Edition. McGraw- 

H.II Book Company, New York, (1985), p. 3-10.) i S 0.754209 eV which 
corresponds to a wavelength of A=1644„,„. Thus , bo , h values 
approximate to a binding energy of about 0.8 eV for normal hydride ion 
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1.3 Hvdrino Hydride Inn 

The hydrino alom HQ 12) can form a stable hydride ion, namely 
the hydrino hydride ion /r(*=l/2). The central field of the hydrino ' 
atom is twice that of the hydrogen atom, and it follows from Eq (43) 
that the radius of the hydrino hydride ion W{» = 1/2) is one half that of 
an ordinary hydrogen hydride ion. /T(« = l), given by Eq. (44). 

' 3 =',=f(»+>ftrrT)); 4 =i 



(48) 



The energy follows from Eq. (47) and Eq. (48) 
Binding Energy = - 1 £ , - £ 



2 nxiftr^ri 



rntfaviimagwic) - E unpo . trinf {magnetic) 
( 



1) 



1+ 



j" i+V^7Ti) J 



(49) 



The binding energy of the hydrino hydride ion ir(n = 1/2) is 3.047 e V 
according to Eq. (49), which corresponds to a wavelength of A = 407™ 
In general, the central field of hydrino atom «(« = l/p);^= integer is P 
times that of the hydrogen atom. Thus, the force balance equation is 



2m,r\ Ane o r\ Z2m r rf 
where 2 = 1 because the field is zero for r> r> . Solving for r x 



r,=r, =^(l + V^i)) ;j = l 



(50) 



(51) 



Prom Eq. (51), the radius of the hydrino hydride ion «"(„= i/ p ) ; /^integer 
- that of atomic hydrogen hydride, //'(« = !), given by Eq. (44). The 



is 



energy follows from Eq. (50) and Eq. (51). 



Binding Energy = - i E, 



- 1 ^(magnetic)- £, 
( 



(magnetic) 



(52) 



TABLE \ supra, provides the binding energy of the hydrino hydride ion 
H (n = l/p) as a function of p according to Eq. (52). 
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h In a further embodimem^Tme present i„v^~TnydSno 
hydr.de ,ons can be reacted or bonded to any atom of the ^ iodic char, 
r posntvely or negatively charged ion thereof such as an a* o 

w h c b i r non - or a proton - Hydrin ° -* 

w„h or bond to any compound, organic molecule, inorganic molecule 
organometahc molecule or compound. mc ,a., nonmctaJ or 
sem,conduc«or to form an organic molecule, inorganic molecule 
compound metal, nonmeta,. organometalic. or semicondu ' 

* S5 r«T wi,h or bond ,o — 

/ ,, n^iip), n A [ii p ) t or d.hydrmo molecular ions 
"{ 2c '=t\ ■ Dih y dri - Ocular ions may bond to hydrino hydride 
ions such that the binding energy of the reduced d.hydrino molecular 
-n. the dihydrino molecu.e A]. is less than , hc bindjng energy 

of the hydrino hydride ion of the compound. 

neutra. T, lr C r ,S 7"? ^ ^ hydri "° h *** »«» »**»* 

mT, c larTnVanr " S /? a,iVC,y °' ^ «- 

molecular ,ons. and free rad iC als. in one embodiment to form hydrino 

y nde contaming compounds, hydrino hydride ions are reacTed w h a 

metal. Thus, ,„ one embodiment of the electrolytic cell hydride reactor 

ydr.no hydrino hydride ion. or dihydrino produced duri„VopcrTu a, 

Z embt- rC3CtS ** ™™ 1 to f °™ a co 4ound. „ 

one embod.mcn, of the gas cell hydride reactor, hydrino. hydrino 
Mnde ton. or d.hydrino produced during operation reacts with the 

A metal-hydr.no hydr.de material can thus be produced 

«hose T K° f C ° mPOUndS ° f ,hC Pre$em invenli0 " *-lude 

ncrea* , 1 C ° mPOUnd ° f ' he inVemi0n includ - « '-st one 

mc eased blnd ng energy ^ 

P cs en, .nvent.on may further comprise ordinary hydrogen species in 
a,n t0 one or more of the increased bindin e erg by r^ 
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case T, "*"* " " " ** «"*» 0- 'I" 

.ncr« as ,d b,„d,„ 8 ,„ crgy hj , dtog< , n M(| 

_ . , 6 cr ° y n y" r< >gen species, and may optionally 

H. MHX where « , s »„ alk , u c „i„„, j is „ „„„,„, mol T„7„ 

charged anion anrf » • ' * IS a doubly negative 

* »s a singly negative charged anion and // *„ ;„,- ^ u- 
Vdrogen species; A///. „ = , I 5 where M il , 8 ""W 

, ' wnerc M ls a « alkaline cation and H is ai 

least one increased binding enerov h»H,e.e.» 

one ceased binding energy hydrogen species, and tnay optionally 

anion and V" "° * " " S "*» ">»oed 

at least n„, i ,y nega,ivC Cha 'S ed a ™°<>. H is 

J" m " CaSCd bl " di "S energy hydrogen species, and may 
opt,onal,y comprise at leas, one ordinary hydrogen species in the case of 
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1 1 1 11 l " Car ' h CaUOnS ^ bc where 

AOs an a)kalme earlh cal) . on x h a ^ 

• doubly negat.ve charged anion, and H is an increased binding energy 
hydrogen spec.es (the alkaline earth cations may be different)- 
J«r*....*3 where M is an a.kaline earth ca/on, * tTL, M 
cauon. and W is a. least one increased binding energy hydrogen species 

may opuonally comprise at least one ordinary hydrogen species „ the 
case of WpIc W; MMXH whefe „ js ^ a f ka / nc * » e 

alkah metal cation, AT is a doubly negative charged anion, and hI n 

ordinary hydrogen spec.es t „ the case of multiple H; mm „=, to6 
where M is an alkali or alkaline earth cation and // is at least one 
■"creased binding energy hydrogen species, and may optionally 

H MH,n-l t o6 where M M a transition, j„ ne r transition, or rare eanh 
element cation such as nickel and // is at least one increased binding 

oXarv hvd°r SPeCjeS ' may ° pU0na,, y COm P" se a « one 
ord.nary hydrogen species in the case of multiple H; MNiH „ = !w6 

where M is an alkali cation, alkaline earth cation, silicon, or aluminum 
lav " r n inCreaSCd bi " ding * nC W V** and 

metal in ? ? ' ^ ^ ™ y be by another transition 

metal, ,nner transn.on, or rare earth cation; m.n^UoA where // is 7 

least one mcreased binding energy hydrogen species, and may optionallv 

TZ7 ; l I™ 7 ° rdmary hyd ^ cn i- *e case of mulHp, " 

//.,«,//. „=.„ 4 where H is at least one increased binding energy 

tlTatT SPCCks '. and °P^nally comprise at least one ordinary 
hydrogen spee.es in the case of multiple „; AlH . „ = , t0 4 where tf * at 
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eas one increased bmdmg energy hydrogen species, and ma y optionally 

TuZru I °r ° ( : dinary hydrogen spcc,es in the «* or mu.tip.e 

H where A/ is a „ alkaH or alkalinc ear|h ^ 

r are each a singly negative charged anion, or a double negative 
charged anion, H is a, leas, one increased binding energy hydrogen 
spec.es, and may op , iona Hy compnse a{ !eas( one ordin J * 

replace At. \KH,KC 0) i -m- integer where // is at leas, one increased 
bind.ng energy hydrogen species, and may optionally comprise at least 

ZlZt?* ry hydr ° Sen SpCCicS in ,he case of multiple H- 

IKHKOHl „ = imeg er where /, is at least one increased binding energy 

ZtZl IS ^Z, ° P,i0na " y C ° m >™ « °" ordinary 

nyaro e en spectes, [^W^ „ = in , cger wherein H is at least one 

increased binding energy hydrogen species, and may optionally 

^MKHOY'V™ ° tdinaiy hydr ° 8e " SpCdCS in ,he Casc of multiple 
H.\KH m KNO s l "X- «,„- integ er where AT is a singly negative charged 

•moo. and * is at least one increased binding energy hydrogen species 
and may opt.onalfy comprise a, leas, one ordinary hydrogen species in 
the case of mu.Upie H; x\ m. n . i„ te ger comprising a "ZuJ 

compound or an anion or cation where M and Hf are each an alkali or 
alkaline earth canon, X is a singly negative charged anion or a doubly 
negative charged anion, and H is at least one increased binding energy 

Zt7Z : PCC,eS \ and K ma > °P' i0 -»y emprise a, least one ordinary 
hydrogen species ,n the case of multiple H ; \MHjr *l /iX" ™ « = integer 
wherein M and *f are each an alkali or alkaline earth" cation. X and X 
are each a s.ngly negative charged anion or a doubly negative charged 
mon and H is at least one increased binding energy hydrogen species, 
ml may optionally comprise at .east one ordinary hydrogen species in 
the case of m „, tip , e « : { UHjtX^ rfr integer where M and 

W are each an alkali or alkaline earth cation. X and X are each a singly 
negative charged anion or a doubly negative charged anion, and H is a, 
least one increased binding energy hydrogen species, and may optionally 

*. l**JW Xj, „Af m.„ = iMcg Cr where *, Af , and are each an 
alkah or alkaline earth cation. X and X are each a sing.y „ cga ,ive 
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charged anion or a doubly ne E ativc rfc, r „ a - 

increased bindin- ener«v h^fnT * am ° n ' 3nd " is a « ,east °™ 
comprise a, leasi iZ h- ' " a " d ma * Anally 

j B «jw t n f H = integer where A* 

5 » .Ibli o, tarlh „ iM 8 7 M ° * «* 

■=na, g ed ,„,„„ „ . toM „ ega ";» e ch ' fd r n Si " S,y nC8i ' iW 
increased binding e„e,n» h.d.f ' a " <1 " i! " k » s > one 

'« "nanic, « r .n„ on> e, a , ic in " T " alk " inC 

ennrg, h y dro 8 e„ denies. ,„d ma> "Jn.lT, e„l T" """""S 

" C ear,n - 0r ganic, organometalic, inoreanie „, „ 
and H is a, least one increased hin* ° rgamC> ° r "-nmoniurn cation 
may optionally cornpris a 1 Mrogen species, and 

case of muhiple ) ! LT °h T hyd '° £Cn S P Ccics in *» 

any atom JL , ' * * M U ° ,hcr C,c ™ n < s »ch as 

20 H^r^^TT* "* » « «•« one increased 

comprise at leas, one ordinary U g e n spec i s ILT^ 
" where M is other element such as an allcaT ^ 

inorganic, or ammonium cation, „d V is « easT ° r8an ° mCta,ic ' 
energy hydroecn srw^c ^ 31 least one increased binding 

binding e„Ly hvd I! ( """"^ M U ™ in ""*«» 

30 bindin „ c ; B y y IToZ IT™* * " k " ~ --eased 
one ordinary^ en' "p - — ^. «P«io-.lly comprise a, .east 
element such J. ' " = , " ,C8Cr W " ere M is ^ 

compr.se a, least one ordinary Jy*^ spec «• Z T^*"* 
3 5 M is an increascd bjndi /J «" SpCC ' es ' -mtcger where 

»ng energy hydrogen compound, and // is a , , cast 
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one increased binding energy hydrogen species, and may optionally 
compnsc a, .cast one ordinary hydrogen species; ^ .S^r whe« 
M ,s other element such as any atom, molecule, or compound, and // is 

oJr„V nC ,ncreased binding cnergy hydro s en s P eci «. ™y 

opttonally compr.se a. leas, one ordinary hydrogen species; M (J t ) 

»- -integer where M is an increased binding cnergy hydrogen compound. 

mav LLZ* inCrCaSCd bind5ng Cner * y Mrogen *P«ies, and 

may opt.onally compnse at leas, one ordinary hydrogen species; MlH ) 

«« integer where M is other element such as any atom, molecule or 

compound, and If is at leas, one increased binding energy hydrogen 

specie"' Z,T ° P(i0na,ly K C ° mpriSe 31 ' eaSt ° ne ordinary hydrogen 
spec.es. U( H(0 l „ = , Mcgcr where M |$ an incrcascd J^* 

hydrogen compound, and H is a, leas, one increased binding energy 
hydrogen species, and may optionally comprise at leas, one ordinary 
hydrogen spec.es; M[H n ) a „ = integer where M is other e.emen, such as 
any atom, molecule, or compound, and tt is at leas, one increased 
bmdmg energy hydrogen species, and may optionally comprise at least 
one ordmary hydrogen species; „ = in £ ger wh * re m " 

increased binding energy hydrogen compound, and H is a, leas, one 
increased bmding energy hydrogen species, and may optionally 

c r; r !T„ wLT/ ° w ord5nary hydroeen s P ecics - 

^"^'htU^WtolWvt). f.W.u* integer wherein M is other element 
such as any atom, molecule, or compound, each integer may be 

zero but not all integers may be zero, the compound contains at least one 
W, the monomers may be arranged in any order. H is at least one 
increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species; 
M \ U »)S. u J\R»)A H m\[Bnl. q,r,s,t,u = integer wherein M is an increased 
binding energy hydrogen compound, each integer <,.r.s.t,u may be zero 
but not all mtegers may be zero, the compound contains a, leas, one H 
the monomers may be arranged in any order. H is at least one increased 

bmdmg energy hydrogen species, and may optionally comprise at least 
one o rdl hydrogcn spcc . es . m wherfi 

negat.ve and .s selected from the list of » } f H u H H H nn 

on n , oh u , MgHj NaH ^ „ uH)0> CNHit OTm 5tfVV 
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1 0 
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25 
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*M>W», W w . J//W„. ) » m ) Si H (H \ « r, / J\ 

TOt >, ^ ^o^ ( 

w. ^ „ a , kit™: 

Clemen,, and * is „ ,eas« one increased binding energy hydrogen 
spec.es, and may optionally comprise at leas, one ordinary hydrogen 

irom the list of W, 6 , H„H, H„H lt H„H„, 0 H n> OW a , 0//, Afrtf // » 

^T™ H r IT- *^ 

a™„, o 3 // w , flaw., p,^ J to W . 

2?% ( f\ u/u - W 

r^T?^^^ w » 

^Tf* 1 " W«>«- WU> ^V««//„. «*«,.) (A ) 

NaKHOM^. 

""AiMtlSiHiH,^ X is an increased binding energy 
hydrogen compound, and „ K at least one increased binding energy 

lltz: : P p ::;:;: op,iona " y coraprisc at ,c - - 

yarogen species. a: = integer from 8 to 10; n = integer where M is other 

element such as any atom, molecule, or compound, and H is at leas, one 
-creased b.ndmg energy hydrogen species, and may optionally 
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comprise a, ,eas, one ordinary hydrogen species; M„ ) 

— *JL su „1ll^;;7 •*» „ is y 

"ydrogn, sp «i„. and „' ' * ' ' "*'«»< <**« onnrg, 

< 0 incrnnsed binding J„ C ' " * * " ^ 

inched binding „ c * S ° 8Cn C0 " ,p0 °" <l - «*' » ■» « „„ e 

' ^ energy by,ro 8 o„ spn~ 1 " ~. !«— 

ordinary hydrogc „ ™Y »P'»n»llJ compns. a, le , s , „ ne 

M is n» increased hi ' ^ " " ' ,! " 

-pri* n, _ one -AtX^S. : M„7 ° P "° ra "> 

energy hydrogen apncina, and », lL,.ll °". bi " di "* 
ordinnry hydrogen species- uto\ op " m "" com P"«e « leasl one 

r s n spe ems, «(„) a n-in.nan, »k-„ 

M is .„ i>c „,L *1 ' M " J - "«*»«-» B1Bi n.bneger whe „ 
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10 



1 5 



20 



25 



30 



35 



energy hydrogen species, and may opiionallv comnrU. . . 
ordinary hydroeen species- m(h \ P "° na,,y COm P"se at Icasi one 
. y ogen spec.es, M (H,) m * = mteger from 68 to 72; „ = in.egcr where 

,S a " ,nCrCaSed bindi "g W hydrogen compound and H is a, I eas , 
one tnereased binding energy hydrogen species. 'and may oplnaHy 

27?£ W 'w 1 T ° rdinary hydr °" Cn s P-es; ' y 

^W^X(*,WM(».JL integer; , ! i|)tcgcr from , lo „. 

.meger ftom 14 to 18; , - imager from 22 to 26; y - integer fl0m 58 , 0 62 . 
-,^^68,0 72 wherein M is other element Lh as a y 1 
- ecme. or compound, each integer may bc ^ 

integers may be zero, the compound contains at leas, one // , he 
monomers may be arranged in any order H „ 

>-«»<S«f«».M,o« : ,,,„ tsI(liom68 , 0 „ whereii) 

iw^nr^y™ ^Ura^u wl w = inlcgcr 

^ro, the compound contains a, leas, one the monomers may be 
-nged t „ any order. H is at .east one increased binding energy 

T P X; nd ^ ~ — * - -e Xry 

. r ni- 1 ^!»^ l i^,, ( ^r»is.;,.r,:;^ 

"»gly ~ga,ive dmged anion or . douM, l a L if "° * 
•he compound contains at least one H th« m „ 
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species, and may optionally comprise ai least one ordinary hydrogen 
species in the case of multiple H\ 
[MH m l\MMH„\\KH m KCO\[KH m KW>l nX'\KHKNO y ) 
WKOttl[UH m »rXllUH m K]rr riX-[MHj*xt' *"[HhX* *JT 
5 [MH m ]"- n-Af ' M'WKHKOHllKHSOHUKH KHCO^KHCO^CO^ 

n .if ,m,m .p.q,r,s,r,q- ,r ,£ ,t ,u = integers wherein 
M, and M" are each an alkali or alkaline earth, organic, 
organomctalic, inorganic, or ammonium cation, Af" is other element, X 
and X' are a singly or doubly negative charged anion, each integer 

10 n.„\ m ,m\p. q ,r, s ,t,q-s, may be zero but not all integers may be zero, 
the compound contains at least one W, the monomers may be arranged 
in any order, // is at least one increased binding energy hydrogen 
species, and may optionally comprise at least one ordinary hydrogen 
species in the case of multiple H; 

15 \MH„\\MMH„l{KH.KCO ) l\KH n KNO i l n^KHKNO^ 

[KHKOHl[MH„M'Xl[MH m M'Xl' ,( X \KiH m hf X}^ M">\MHX* ri X 
[MHJ/ n-M" M*H; t [KHKOHl[KH s KOHl\KH KHCO^KHCO^CO^ 
M '( ,! «>)A H ")A H n)A H °<>)A H n). n > n \'»->»'..p.q,r,sj,4 S J ,f ,u = integers wherein 
M, w , and Kt ' are each an alkali or alkaline earth, organic, 

20 organometalic, inorganic, or ammonium cation, AT" is an increased 
binding energy hydrogen compound. X and X' are a singly or doubly 
negative charged anion, each integer ,m. m \p.q.r.s.t,4 S .i.t .« may be 
zero but not all integers may be zero, the compound contains at least one 
H, the monomers may be arranged in any order, // is at least one 

2 5 increased binding energy hydrogen species, and may optionally 

comprise at least one ordinary hydrogen species in the case of multiple 
«; [MH m l[MAfH m l[KH m KCO i l[KH m KNO } }\ nX~ [KHKNO^ 

[MHX - n' Af * M'H U [KHKOH] f \KH } KOH\[KN KHCO^KHCO^CO^ 

"''( H .)A H M»,)A H f)A H X P«.r.sJjS.t.t.u = integers; ' 

x = integer from 8 to 12; * = integer from 14 to 18; y = integer from 22 to 26; 
/= integer from 58 to 62; t = integer from 68 to 72 wherein Af, M , and M" are 
each an alkali or alkaline earth, organic, organometalic, inorganic, or 
ammonium cation, W" is other element. X and X' arc a singly or doubly 
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tz :;r ,™ tzt^-t-^ - - 

5 roT ^ 8 C " er8y bydr0ge " S P CCies ' and "»r optionally 

compos "v" M '" C ' C,Sed bindi "« Mco 8 e» 

• , . ^ may be zero but not all imeeers mav 

TJ2 * " ' S *' kas ' °~ ' ncieas cd binding e„.„ ¥ 

nyelrogci, species in ihe case of muhiple «■ ' 

;:; n, ^ r <™ 8 10 ^ ^integer fro. 14 to 18; y= integer from 22 , 0 26; 

cTell SUCH . aS SiHCOn> a,UminUm ' C -P '« A clients. Group ,VA 
71 T ,n ° n me,al ' i0nCr ,ranSiti °" me,aI ' «». ^o„ or a rarl 

s douhr° n,Um C3U0n ' Af " " ° ,hCr C,emen -- X and X- are a 

sjngly or doubly negate charged anion, each integer 

Inay be zero but no, all integers may be zero 
the compound contains at least one // th- m 

in any order // is at monomers may be arranged 

species Z mCrCaSCd bindin 8 encr iV hydrogen 

spectes. and may opnonally comprise at least one ordinary hydrogen 
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species in the case of multiple w 
W't-UMfQAKH.ICCOtUKH.KNOX nX'^KHKNO,] 

-integer from 8,0 12; ^ = integer fron, ,4 to y= integer from 22 ,o 26- ' 
y = .n,egerf rom 58,or > 2; z = 5 „, egerfrom68(o72 wherci| , „ ^ ^ ^ 

eL C ln,r ,a, 1 SUCh aS Si ' iCOn ' a,UminUm ' Gr °" P 111 A cfe ™»« Group 1VA 
eie nen s. a trans.Uon metal, inner transition metal. ,i„, boro „ or a rare 

an r: nide ' anaikaH or a,kanne o^zi 

.norgan.c. or ammomum cation, Af» is an increascd bindjno ' 

. integer ^ may bc zero bm 

integers may be zero, the compound contains at least one H the 
monomers may he arranged in any order. * is at .east one in eased 
bmdmg energy hydrogen species, and may optionally comprise a, least 
one ordmary hydrogen species in the case of multiple // 

each . E3iemplary Si,anes ' si,0 * anes - »nd silicates that may form polymers 
each have umque observed characteristics different from those of the 
correspon ing ordinary compound .herein the hydrogen 

ordmary hydrogen H. The observed characteristics which are dependent 
on he , of hydrog£n pendent 

sto c hlomctry> stabili(y a , elevate<} temperaturc 
Exemplary compounds are: 

*Sat.-|*6 where if is an alkali or alkaline earth cation and H 
option ZZ inCrCaSC , d binJing CnCrgy bydro ^ Cn -n* -ay 

P"e H, MXS t H.n = l lo s where M is an alkali or alkaline earth cation. 

i™z /ts p, r d b , y Aum - transi,ion ' inner ,ransiuc>n ' - - «** 

eiement, X 1S a smg|y „ egaUve charge(j ^ ^ 

charged an.on. and H is a, least one increased binding energy hydros 
alkahne earth cation (the cations may be different) and ,/ is at , cas( 
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one increased binding energy hydrogen species, and may optionally 

H,S h H m »=\toZ wherein H ,s a. least one increased binding energy 
hydrogen species and may optionally comprise at least one ordinary 
hydrogen spec.es ■„ the case of multiple »; jfflr.- „ o8 wherein /Ms a, 
leas, one increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species in me case of multiple 
H.S,JU.n integer wherein H is a, least one increased binding energy 
hydrogen species, and may optionally comprise a, least one ordinary 
hydrogen spec.es; Si.H u « = integer wherein H is at leas, one increased 
bmd,„ g energy hydrogen species, and may optionally comprise at leas, 
one ordinary hydrogen species; Si.H.,0 m ,n~ iMeg er wherein 11 is a, 
least one increased binding energy hydrogen species, and may optionally 
compr.se at leas, one ordinary hydrogen species; Si,k, , 0 TyJJZ 
wherein H is a, leas, one increased binding energy hydrogen species 
and may optionally comprise at leas, one ordinary hydrogen species- 
S,,H„O yX ,y = lnte gcr wherein H is a, least one increased bLing" energy 

hydrogen species, and may op.ionally comprise at leas, one ordinary 
hydrogen spec.es; . // 3 <> , ) = inlcger wherein „ „ a , ^ ^ » 

increased binding energy hydrogen species, and may optionally 
comprise at leas, one ordinary hydrogen species; Si.H,.., « = integer 
-herein // is a, leas, one increased binding energy hydrogen species, 
and may op.ionally comprise a, least one ordinary hydrogen species- 

A *.y integer wherc.n // is a, leas, one increased binding energy 

lltZT SPCC - CS> ° P,i0na,ly COm P" sc at ,cast ™* binary 

hydrogen species; MSu,H m .O. „ = integer wherein M is an a.kah or alkaline 

earth cation and // is al l casl 0 ne increased binding energy hydrogen 

spec.es. MS, t .H„.0,„ rt = ,„, C ger wherein M is an alkali or alkaline earth 
cation and H is at leas, one increased binding energy hydrogen species, 
and may opt.onally comprise a, leas, one ordinary hydrogen species 

, W o integer wherein M is an alkali or aLline eaTh cSon 
and H is at leas, one increased binding energy hydrogen species, and 

Zl oT^. a tip y .e C ^? W a, ,eaS * ° rdinary hydr <* Cn "* 
case of mult.ple //. W t S,„//„ <,,„.,,, « inleger wherein M js an ^ ^ 

alkaline earth cation and // is at leas, one increased binding energy 
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hydrogen species, and may optionally comprise at least one ordinary 
hydrogen spcc.es in the case of multiple //; Si.H m O f «.».„- integer wherein 
H is at least one increased binding energy hydrogen species, and may 
optionally comprise at least one ordinary hydrogen species in the case of 
multiple H;S,,H„ n,m = integer wherein H is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of multiple //; SiOjH n n = l to 6 
wherein H is at least one increased binding energy hydrog'en species, 
and may optionally comprise at least one ordinary hydrogen species in 
the case of multiple //; MSiO,H.n = l to 6 wherein M is an alkali or 
alkaline earth cation and H is at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species in the case of multiple H; MSi,H.n = \ fo \A wherein M is 
an alkali or alkaline earth cation and H is at least one increased binding 
energy hydrogen species, and may optionally, comprise at least one 
ordinary hydrogen species in the case of multiple H ; MJiH. n = ] to 8 
wherein M is an alkali or alkaline earth cation and H is at "least one 
increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species in the case of multiple 
//; and polyalkylsiloxanc wherein H is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of multiple //; Si,H r (H„) ^integer; 
y = integer from 2x + 2. o4x; z = integer wherein H is at least one increased 
b.nding energy hydrogen species, and may optionally comprise at least 
one ordinary hydrogen species. 

Examples of the singly negative charged anions disclosed herein 
mclude but are not limited to halogen ions, hydroxide ion. hydrogen 
carbonate ,on. and nitrate ion. Examples of the doubly negative charged 
anions dtsclosed herein include but are not limited to carbonate ion, 
oxides, phosphates, hydrogen phosphates, and sulfate ion. 

Preferred metals M of increased binding energy hydrogen 
compounds having a formulae such as AW. „ = | w 8 wherein H is at least 
one increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species in the case of multiple 
H include the Group VIB { Cr. Mo, W) and Group IB {C«,A g ,Au) elements. 
1 he compounds are useful for purification of the metals. The 
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purification is achieved via formation of the increased bindin* energy 
hydrogen compounds that have a high vapor pressure. Each compound 
is isolated by cryopumping. 

• In an embodiment of a superconductor of reduced dimensionality 
of the present invention, at least one increased binding energy hydrogen 
spec.es. and optionally at least one ordinary hydrogen species, is reacted 
with or bonded to a source of electrons. The source of electrons may be 
any positively charged other element such as any atom of the periodic 
chart such as an alkali, alkaline earth, transition metal, inner transition 
metal, rare earth, lanthanide. or actinidc cation to form a structure 
described by a lattice described in "99 Mills GUT (pages 270-289 which 
arc incorporated by reference). Exemplary superconductors can be 
formulated from an increased binding energy hydrogen polymer, an 
inorganic increased binding energy hydrogen polymer, a metal hydrino 
hydride polymer, an alkali-transition metal hydrino hydride polymer 
and a compound comprising a neutral, positive, or negative polymer of 
increased binding energy hydrogen species. 

A xerographic toner may comprise an increased binding energy 
hydrogen compound. The toner may be a mixture of an increased 
bmd.ng energy hydrogen compound and at least one additional 
compound or material such as a carbon compound. Increased binding 
energy hydrogen compounds that have one or more of the following 
propert.es, 1.) readily form stable charge ions. 2.) form highly charged 
ions. 3.) attach to carrier particles, and 4.) bind to a substrate such as 
paper are preferred toner compounds. Exemplary ions and compounds 
are polyhydrogen ions such as M^/tf, o/T n and silanes which may 
form positive or negative ions such as S/ l H,(W )t ) t ^ = integer; 
> = integer from 2x + 2 to 4x; z = integer wherein H is' at least one increased 
binding energy hydrogen species, and may optionally comprise at least 
one ordinary hydrogen species. 

Magnetic increased binding energy hydrogen compounds such as 
metal hydrino hydrides, alkali-transition metal hydrino hydrides, and 
polyhydrogen compounds may be useful as magnets, magnetic materials, 
or may comprise a magnetic computer memory storage material to coat 
a floppy disk for example. The compound may have the formula MH 
wherein n is an integer from I to 6. M is a transition element, an inner 
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transition element, a rare earth element, or Ni, and the hydrogen content 
«„ of the compound comprises at least one increased binding energy 
hydrogen species. The compound may have the formula MNiU, wherein 
n is an integer from 1 to 6, M is an alkali cation, alkaline eanh" cation 
silicon, or aluminum, and the hydrogen conteni W. of .he compound ' 
comprises at least one increased binding energy hydrogen species The 
compound may have the formula MM 11, wherein n is an integer from I 
to 6, M is an alkali cation, alkaline earth cation, silicon, or aluminum. M' 
is a transition element, inner transition element, or a rare earth element 
cation, and the hydrogen content //. of the compound The compound 
may have the formula M»«l i W r («».).(«i.) # («».X whe '«« q. r. s. t. and u 
are each an integer including zero but not all zero, M is other element 

w?/w™*w 0, ? U!C ' ° f COmp ° Und ' and ,hc h y dr °E cn co ««cnt 
l w «o)»l / 'i6;,l // Hj I (» < o),(// 7 o). of the compound comprises at least one 

increased binding energy hydrogen species. The compound may have 
the formula ^(^(^jj^^ whercin q , r> s> and „ ^ each 

an integer including zero but not all zero, M is an increased binding 
energy hydrogen compound, and the hydrogen content 
( // ») i (W,.X(^).(»«),(W w ). of .he compound comprises at least one 
2 0 increased binding energy hydrogen species. 

Increased binding energy hydrogen compounds comprising a 
desired element may be synthesized by placing the element in the gas 
cell hydrino hydride reactor. The element may be a foil. For example, 
gold hydrino hydride may be synthesized by placing a gold foil or gold 
containing substrate into a gas cell such as a gas cell comprising a 
titanium dissociator and a Kl or KBr catalyst. The gold hydrino hydride 
film that forms may be analyzed by TOFS1MS. Magnetic compounds 
such as nickel, cobalt, or samarium hydrino hydride may be synthesized 
by placing foils of these elements in a gas cell hydrino hydride reactor 
These metal hydrino hydrides may be useful as magnets, magnetic 
materials, as computer memory storage materials, or wherever magnetic 
properties are desired. Ac.inide. lan.hanide, silanes, and semiconductor 
hydrino hydride compounds may be synthesized by placing the reaciam 
actinides, lanthanides, silicon, and semiconductors such as gallium in the 
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gas cell hydnno hydride reactor Th* ♦ 

Ihe cell n»rifi,H a ? Products may be collected from 

me ceil, purified, and analyzed by TOFSIMS. 

2^ ,MgTHQD OE ISQ TOPE SEPAR ATiom 

— . » PUrify a— isw „ pes «sz£ s.rr > r ^K 

erm , sw „pe „ „ sed hcrei „ „, m ,„ a „ y • • 

.s heitm .ncorporaicd by refeenc. |R. C. W«s, Edil« C RC H I 

■ o ^«^m^. » BdNtc. CRC il^SmZSSXt* 

354). Differential bond enerev ran *r5c r ^« 'v-o- 

rt t energy can arise from a difference in the 

the desired tsotope. The increased binding energy hydrogen species T 

bound to the desired isotope. The compound comprising a, Tefs one 
greased b,„*ng energy hydrogen species and the des red iso ope « 

Lotr: ,,,e reac,ion mix,ure - rhe ! — <- 

hydrogen spec.es may be separated from ,he desired isotope ,! obtafn 

it^T'*- rCC ° VCred h0, ° Pe bC 

ncre sed bmd.ng energy hydrogen species and these steps may be 

3 0 » soT t m 3 ^ ICV£l ° f Cnrich - nt - The use of the L 

3 0 ,so«ope ,» this context includes an individual element as we! las 
compounds containing the desired elemental isotope 

A method of isotope separation comprises the step of reacting an 

:; h ™ ha r g an iso,opic -XT, i ; d 

>5 wi,riT 5 3n ! nCreaSCd b '" din g en ^ hydrogen species to bond 

pro „ is d C ? ' S0,0PC - SinCC b ° nd ° f thc — 

product ,s dependent on the iso.ope of .he undesired clement, an 
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increased binding energy species can be selected such that .he 
predominant reaction product contains at least one increased binding 
energy hydrogen species bound to the undesired isotope and the 
des.red isotope remains substanliaJly unbound. The compound 
compns.ng at least one increased binding energy hydrogen species and 
the undesued .sotope can be separated from the reaction mixture ,o 
obtatn the desired isotope. U less than a stoichiometric amount of 
.ncreascd binding energy hydrogen is used, these steps may be 
repeated until the desired level of enrichment is obtained. The use of 
the term ".sotope- in this context includes an individual element as well 
as compounds containing the desired elemental isotope. 

A method of isotope separation comprises the step of reacting an 
e ement or compound having an isotopic mixture containing the desired 
element w.th an increased binding energy hydrogen species in atomic 
percent shortage based on the stoichiometric amount to fully react with 
•he undes.red isotope. Since the bond energy of the reaction product is 
dependent on the isotope of the undesired element, an increased 
bindmg energy species can be selected such tha, the predominant 
reacts product contains at least one increased binding energy 
hydrogen species bound to the undesired isotope, and the desired 
.sotope remains substantially unbound. The compound comprising at 
least one increased binding energy hydrogen species and the undesired 
isotope can be separated from the reaction mixture to obtain the 
des.red lS0 tope. The recovered enriched desired isotope may be reacted 
w,th the mcreased binding energy hydrogen species and these steps 
may be repealed ,o obtain a desired level of enrichment. The use of the 
term, .sotope* ,n this context includes an individual element as well as 
compounds containing the desired elemental isotope. 

Sources of reactant increased binding energy hydrogen species 
me ude the electrolytic cell, gas cell, gas discharge cell, and plasma torch 
cell I hydr.no hydride reactors of the present invention and increased 
btndmg energy hydrogen compounds. The increased binding energy 
hydrogen species may be an increased binding energy hydride ion. The 
compound comprising at least one increased binding energy hydrogen 
spec.es and the desired isotopically enriched element can be separated 
by any conventional method. In a further embodiment, the compound 
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can be reacted !o form n different compound. The incr€ased binding 
energy hydrogen species can be separatcd from thc dcjire<j , " 
compound comaming ,he isotope, for example, by a decomposition 
reac ,on such as a plaS ma discharge or plasma ,orch rcactio " or 
^placement reaction of the increased binding energy hydrogen 

W ith ^KC^l 3 hyd f in0 hydfidC e,ec,ro ^ c ce » ca « ^ operated 
W Uh a Ki CO , catalyst. Increased binding energy hydrogen compounds 

such *s KHK"OH and KHK^H form preferentially. The electrolyte 

compnsmg a mixture of catalyst, KHK»OH, and KHK»OH may be 

concentrated and KHK"OH and KHK»OH allowed to precipitate to yield 

compounds wh.ch are iso to P ica,,y enriched in "o or »0, compared * 

hvdri„^TvH C -H me,h0d '° ° b,ain "° 3nd n ° COm P" ses a 
hydnno hydr.de compound such as KH 7 1 with a source of oxygen such 

as w atcr to form KHKOH which is ennched in »0 and "o. The desired 
KHKOH by methods such as thermal decomposition 

with a^ r C o a cl e ,*v« hydrin ° hydHde <*» can be operated 

w.th a K t CO catalyst. Increased binding energy hydrogen compounds 

uch as KHK»OH and KHK»OH form preferential*. The electrolyte 
compnstng a mixture of catalyst, KHK"OH, and may be 

concentrated and KHK»OH and Wto ali owed to precipitate to yield 
compounds in which are isotopieally enriched in »0 

Deferential bond energy can arise from a difference in ,he nuclear 
moments of the tsotopes and/or a difference in masses of the isotopes, and 

en lane A 7 ^ * This mechanism can be 

enhanced as the temperature is reduced. Thus, separation can be 
enhanced by forming the increased binding energy compounds and 
performing the separation at lower temperatures 

nuclea^ir, 5 °' ,ritiUm " ° f 3ny hydr0 * Cn hoi ^- *** 

D,0 cell may become enriched in tritium compounds during 
electrolysis due to selective bonding of the tritium isotope to form hydrino 

~r u r- These ~ - y - - -~ 
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3. nXPF.RIMF.NTA 1 

— Synthesis and Isolation of morgan^ Hy d rogen Polymer Compounds 

5 3.1.1 Electrolytic Cell Hydrino Hydride Reactor 

An electrolytic cell hydride reactor of the present invention is 
shown in FIGURE I. An electric current is passed through an electrolytic 
solution 102 contained in vessel 101 by the application of a voltage. The 

1 0 voltage is applied to an anode 104 and cathode 106 by a power 

controller 108 powered by a power supply 110. The electrolytic solution 
102 contains a catalyst for producing hydrino atoms. 

According to one embodiment of the electrolytic cell hydride 
reactor, cathode 106 is formed of nickel cathode 106 and anode 104 is 
15 formed of platinized titanium or nickel. The electrolytic solution 102 
comprising an about 0.5M aqueous K 7 CO } «leclrolytic solution {IT IK* 
catalyst) is electrolysed. The cell is operated within a voltage range of 
1.4 to 3 volts. In one embodiment of the invention, the electrolytic 
solution 102 is molten. 

2 0 Hydrino atoms form at the cathode 106 via contact of the catalyst 

of electrolyte 102 with the hydrogen atoms generated at the cathode 
106. The electrolytic cell hydride reactor apparatus further comprises a 
source of electrons in contact with the hydrinos generated in the cell, to 
form hydrino hydride ions. The hydrinos are reduced (i.e. gain the 

2 5 electron) in the electrolytic cell to hydrino hydride ions. Reduction 

occurs by contacting the hydrinos with any of the following: 1.) the 
cathode 106. 2.) a reductant which comprises the cell vessel 101, or 3.) 
any of the reactor's components such as features designated as anode 
104 or electrolyte 102, or 4.) a reductant 160 extraneous to the 

3 0 operation of the cell (i.e. a consumable reductant added to the cell from 

an outside source). Any of these reductants may comprise an electron 
source for reducing hydrinos to hydrino hydride ions. 

A compound may form in the electrolytic cell between the hydrino 
hydride ions and cations. The cations may comprise, for example, any of 
3 5 the cations described herein, in particular an oxidized species of the 
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matenal of the cathode or anode, a cation of an added reductant, or a 
ca.,on of .he electrolyte (such as a cation comprising ,he catalyst) 

..... I™ 1 .**™ hydr °S en Pp'ymer compounds were prepared during the 
electrolyse of an aqueous solution of K ]C0) corresponding to the cllys, 
ITIK\ The cell comprised a 10 gallon (33 in. x 15 in.) Nalgene tank 
(Model , 54.00-0010). Two 4 inch long by 1/2 inch diameter terminal 
bolts were secured in the lid. and a cord for a calibration heater was 
.nserted through the lid. The cell assembly is shown in FIGURE 1 

The cathode comprised 1.) a 5 gallon polyethylene bucket which 
served as a perforated (mesh) support structure where 0.5 inch holes 
were drilled over all surfaces a, 0.75 inch spacings of the hole centers 

JS? in f 00 , mC ' m ° f °' 5 mm diSmC,Cr C,ean ' cold d ™™ -ckel wire 
(NI 200 0.0197". HTN36NOAG1, Al Wire Tech. Inc.). The wire was 
wound umformly around the outside of the mesh support as 150 
sect.ons of 33 meter length. The ends of each of the 150 sections were 
spun to form three cables of 50 sections per cable. The cables were 
pressed m a terminal connector which was bolted to the cathode 
term.nal post. The connection was covered with epoxy to prevent 
corrosion. 

„n C ° mprised an arra y of 15 Platinized titanium anodes 

(10 - Engelhard Pt/Ti mesh 1.6" x 8" with one 3/4" by 7" stem attached 
«o the 1.6" side plated with 100 U series 3000; and 5 - Engelhard 1" 
diameter x 8" length titanium .ubes with one 3/4" x 7" stem affixed to 
the intenor of one end and plated with 100 U Pt scries 3000) A 3/4" 
w.de tab was made at the end of the stem of each anode by bending it at 
a nght angle to the anode. A 1/4" hole was drilled in the center of each 
•ab. The tabs were bolted to a 12.25" diameter polyethylene disk 
(Rubbermaid Model 0JN2-2669) equidistantly around the 
circumference. Thus, an array was fabricated having the 15 anodes 
suspended from the disk. The anodes were bolted with 1/4" 
polyethylene bolts. Sandwiched between each anode tab and the disk 
was a flattened nickel cylinder also bolted to the tab and the disk The 
cylinder was made from a 7.5 cm by 9 cm long x 0.125 mm thick nickel 
roil. The cylmder traversed the disk and the other end of each was 
pressed about a 10 AWG/600 V copper wire. The connection was 
sealed with shrink tubing and cpoxy. The wires were pressed into two 
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terminal connectors and bolted to the anode terminal. The connection 
was covered with epoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HCL for 5 
minutes and rinsed with distilled water. The cathode was cleaned by 
placmg „ ,n a tank of 0.57 M K,CO s n% H A for 6 hours and then rinsing 
it w.th drilled water.. The anode was placed in the support between 
the central and outer cathodes, and the electrode assembly was placed in 
the tank containing electrolyte. The power supply was connected to the 
terminals with battery cables. 

The electrolyte solution comprised 28 liters of 0.57 M K CO .Alfa 
tf,C0, 99±%). 2 jt 

The calibration heater comprised a 57.6 ohm 1000 watt Incolloy 
800 Jacketed Nichromc heater which was suspended from the 
polyethylene disk of the anode array. 1, was powered by an Invar 
constant power (± 0.1% supply (Model #TP 36-18). The voltage (± 
0.1%) and current (± 0.1%) were recorded with a Fluke 8600A digital 
multimeter. 

Electrolysis was performed at 20 amps constant current with a 
constant current (± 0.02%) power supply (Kcpco Model // ATE 6 - 
100M). 

The voltage {± 0.1%) was recorded with a Fluke 8600A digital 
mult.metcr. The current (± 0.5%) was rea d from an Ohio Semitronics 
CTA 101 current transducer. 

The temperature (± 0.1 °Q was recorded with a microprocessor 
thermometer Omega HH2I using a type K thermocouple which was 
inserted through a 1/4" hole in the tank lid and anode array disk To 
ehm.natc the possibility that temperature gradients were presenr the 
temperature was measured throughout the tank. No position variation 
was found to within the detection of the thermocouple 
(± 0.1 °C). 

The temperature rise above ambient 
( AT = neurolysis only) - Tronic)) and electrolysis power were recorded 
datly. The heating coefficient was determined "on the fly" by turning an 
internal resistance heater off and on, and inferring the cell constant from 
the deference between the losses with and without the heater. 20 watts 
of heater power were added to the electrolytic cell every 72 hours 
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where 24 hours was allowed for steady slate to be achieved The 
temperature nse above ambient ^ = Tenolysis + was 
recorded as well as the electrolysis power and heater power 

In all temperature measurements. ,he "blank- comprised 28 liters 
of water in a 10 »allon m- v n»\ mi . 

rtmm n. } N2,genC tank with ,id ( Mod c! S54100- 

0010) The stirrer comprised a 1 cm diameter by 43 cm .ong glass rod 

r id a ; T * " ^ Tefl ° n h3lf ™» ^ -sfaLnL a' 
one end. The other end was connected to a variable speed stirring motor 
(Talboys Instrument Corporation Model . ,07 5 Q. The stirring rod wT 
rotated at 250 RPM. g 

The "blank" (ncnelectrolysis cell) was stirred to simulate stirring in 
e electrolyuc cell due to gas sparging. The one watt of heat from 
stirnng resulted in the blank cell operating a, 0.2 °C above ambient 

The temperature ( ± 0.1 °Q of the "blank" was recorded with a 
microprocessor thermometer (Omeea HH?i t^r.wx u- 
thrm.ot. o iM- k , - , ^ nje sa "H2I Series) which was inserted 
through a 1/4 hole in the tank lid. 

A cell that produced 6.3 X .0' J of enthalpy of formation of 
increased b.ndmg energy hydrogen compounds was operated by 
BfekUgftt Power. Inc. (Malvern. PA), hereinafter "BLP Electronic Cell- 
So o T 2? Va ' ent t0 tha ' deSCribed hcrein - The <*» ^P«on i» 
also g,ven by Mills et al. [R. Mills. W. Good, and R. Shaubach. Fusion 

lltot CXCePt ^ " ' aCked thC additi ° na! Ccn,ral 

Thermacore Inc. (Lancaster. PA) operated an electrolytic cell 
desenbed by Mills et al. (R. Mills. W. Good, and R. Shaubach Fusion 
Technol. 25. I0 3 (1994)] herein after "Thermacore E.ec.rolytie Cell". This 
cell had produced an enthalpy of formation of increased binding energy 

aiven bv" r ? °T °r l6X1 °' J ,ha ' CXCCCded thc ,0 < al -P- enthalpy 
g.ven by the product of the electrolysis voltage and current over time by 
a factor greater than 8. y 

G Wauf/rf-Th " n8ine h Cr ; nfi R Lab — y ""EL) operated [Jacox. M. 
mk k f ° r ExCeSS Hcat in lhc Electrolytic Cell" 

daho N 8 ! , "" a, J E ^ inee f f laboratory. EG&G Idaho. Inc., Idaho Falls. * 
Idaho. 83415. January 7. 1993] a cell, hereinafter "INEL Electrolytic Cell" 

1 7 Th r acore E,ec,roiy,ic cen «*« «■« * - » - < 

eentral cathode and that the cel. was wrapped in a one-inch layer of 
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urethane foam insulation about the cylindrical surface. The cell was 
operated in a pulsed power mode. A current of 10 amperes was passed 
through the cell for 0.2 seconds followed by 0,8 seconds of zero current 
for the current cycle. The cell voltage was about 2.4 volts, for an 
5 average input power of 4.8 W. The electrolysis power average was 1.84 
W. and the stirrer power was measured to be 03 W. Thus, the total 
average net input power was 2.14 W. The cell was operated at various 
resistance heater settings, and the temperature difference between the 
cell and the ambient as well as the heater power were measured. The 
1 0 results of the excess power as a function of cell temperature with the 

cell operating in the pulsed power mode at 1 Hz with a cell voltage of 2.4 
volts, a peak current of 10 amperes, and a duty cycle of 20 % showed 
lhat the excess power is temperature dependent for pulsed power 
operation, and the maximum excess power was 18 W for an input 

1 5 electrolysis joule heating power of 2.14 W. Thus, the ratio of excess 

power to input electrolysis joule heating power was 850 %. 

3.1.2 Quartz Gas Cell Hydrino Hydride Reactor 

2 0 Hydrino hydride compounds were prepared in a vapor phase gas 

cell with a tungsten filament and Kl as the catalyst according to Eqs. (3- 
5) and the reduction to hydrino hydride ion (Eq. (11)) occurred in the 
gas phase. The high temperature experimental gas cell shown in FIGURE 
2 was used to produce hydrino hydride compounds. Hydrino atoms 

2 5 were formed by hydrogen catalysis using potassium ions and hydrogen 

atoms in the gas phase. 

The experimental gas cell hydrino hydride reactor shown in 
FIGURE 2 comprised a quartz cell in the form of a quartz tube 2 five 
hundred (500) millimeters in length and fifty (50) millimeters in 

3 0 diameter. The quartz cell formed a reaction vessel. One end of the cell 

was necked down and attached to a fifty (50) cubic centimeter catalyst 
reservoir 3. The other end of the cell was fitted with a Conflat style high 
vacuum flange that was mated to a Pyrex cap 5 with an identical Conflat 
style flange. A high vacuum seal was maintained with a Viton O-ring 
3 5 and stainless steel clamp. The Pyrex cap 5 included five glass-io-metal 
tubes for the attachment of a gas inlet line 25 and gas outlet line 21, two 
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inlets 22 and 24 for electrical leads 6, and a port 23 for a lifting rod 26. 
One end of the pair of electrical leads was connected to a tungsten 
filament 1. The other end was connected to a Sorenscn DCS 80-13 power 
supply 9 controlled by a custom built constant power controller. Lifting 
rod 26 was adapted to lift a quartz plug 4 separating the catalyst 
reservoir 3 from the reaction vessel of cell 2. Optionally, the reactor 
further comprised a thermal radiation shield at the top of the cell to 
provide further insulation. 

H, gas was supplied to the cell through the inlet 25 from a 
compressed gas cylinder of ultra high purity hydrogen 11 controlled by 
hydrogen control valve 13. Helium gas was supplied to the cell through 
the same inlet 25 from a compressed gas cylinder of ultrahigh purity 
helium 12 controlled by helium control valve 15. The flow of helium 
and hydrogen to the cell is further controlled by mass flow controller 10, 

1 5 mass now controller valve 30, inlet valve 29, and mass flow controller 

bypass valve 31. Valve 31 was closed during filling of the cell. Excess 
gas was removed through the gas outlet 21 by a molecular drag pump 8 
capable of reaching pressures of 10"* torr controlled by vacuum pump 
valve 27 and outlet valve 28. Pressures were measured by a 0-1000 
20 torr Baratron pressure gauge and a 0-100 torr Baratron pressure gauge 
7. The filament I was 0.381 millimeters in diameter and two hundred . 
(200) centimeters in length. The filament was suspended on a ceramic 
support to maintain its shape when heated. The filament was resistivcly 
heated using power supply 9. The power supply was capable of 

2 5 delivering a constant power to the filament. The catalyst reservoir 3 

was heated independently using a band heater 20, also powered by a 
constant power supply. The entire quartz cell was enclosed inside an 
insulation package comprised of Zircar AL-30 insulation 14. Several K 
type thermocouples were placed in the insulation to measure key 
30 temperatures of the cell and insulation. The thermocouples were read 
with a multichannel computer data acquisition system. 

The cell was operated under flow conditions with a total pressure 
of less than two (2) torr of hydrogen or control helium, via mass flow 
controller 10. The filament was heated to a temperature in the range 

3 5 from I000-2000°C as calculated by its resistance. A preferred 

temperature was about 1400 °C. This created a "hot zone" within the 
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quartz tube of about 700-800 «C as well as causing atomization of ,he 

SJT ., ThC Ca,a,yS * rCSCrVOir W3S heatcd "° 3 *-P~e of 
700 C to establish ,he vapor pressure of the catalyst. The quartz plug 4 

separating the catalyst reservoir 3 from the reaction vessel 2 was 
removed using the lifting rod 26 whjch Wa$ s|j(J abou< , ^ ihro ^ 
port 23. Th.s introduced the vaporized catalyst into the "hot zone" 
containing the atomic hydrogen, and allowed the catalytic reaction to 
occur 



As described above, a number of thermocouples were positioned to 
measure .he linear temperature gradient in the outside insulation. The 
gradient was measured for several known input powers over the 
experimental range with the catalyst valve closed. Helium supplied 
from the tank 12 and controlled by the valves 15, 29, 30, and 31 and 
now controller 10 was flowed through the eell during the calibration 
where .he helium pressure and now rates were identical ,0 those of 
hydrogen ,n (he experimental cases. The thermal gradient was 
determined to be linearly proportional to input power. Comparing an 
experimental gradient (catalyst valve open/hydrogen flowing) ,0 the 
calibration gradient allowed the determination of the requisite power to 
generate that gradient. In this way, calorimetry was performed on the 
cell to measure the heat output with a known input power. The data 
was recorded with a Macintosh based computer data acquisition system 
PowerComputing PowerCenter Pro 180) and a National Instruments. 
Inc. NI-DAQ PCI-MIO-16XE-50 Data Acquisition Board. 

Enthalpy of catalysis from the gas energy cell having a gaseous 
transmon catalyst (JT/JT) was observed with low pressure hydrogen in 
the presence of potassium iodide (AT/) which was volatilized at the 
operating temperature of the cell. The enthalpy of formation of 
increased binding energy hydrogen compounds resulted in a steady 
state power of about 15 watts that was observed from the quartz 
reaction vessel containing about 200 mtorr of Kl when hydrogen was 
flowed over the ho. tungsten filament. However, no excess enthalpy was 
observed when helium was flowed over the hot tungsten filament or 
when hydrogen was flowed over the hot tungsten filament with no Kl 
present in the cell. 
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In a separate experimeni Rb) or RbCI replaced Kl as !he gaseous 
transition catalyst according to Eq.(6), Eq.(7), and Eq.(8). 

In two other embodiments, the experimental gas cell hydrino 
hydride reactor shown in FIGURE 2 comprised a titanium screen 
(Belleville Wire Cloth Co., Inc.) filament of six titanium screen strips 3 cm 
wide and 30 cm in length or an 8 meter long coil of a three stand cable 
of 0.38 mm diameter nickel wire (99+% Alpha #10249) which replaced 
the tungsten filament 1. The titanium screen filament or nickel coil 
filament dissociator was treated with 0.6 M K 2 CO y f 10% before being 

used in the quartz cell. The filament was suspended on Al 2 O y cylindrical 
filament supports. The cell was operated at 800 °C when the filament 
temperature was from 1000 to 1200 °C, and KBr or Kl catalyst was 
vaporized into the gas cell by heating the catalyst reservoir. Hydrogen 
was flowed through the cell at a steady state pressure of 1 torr. 

1 5 In lwo othcr embodiments, a second 30 cm wide and 30 cm long 

nickel or titanium screen dissociator was wrapped inside the inner wall 
of the cell. The screen was heated by the titanium screen or nickel coil 
filament. 

In another embodiment, the experimental gas cell hydrino hydride 

2 0 reactor shown in FIGURE 2 comprised a Ni fiber mat (30.2 g, Fibrex from 

National Standard) inserted into the inside the quartz cell 2. The Ni mat 
was used as the //, dissociator which replaced the tungsten filament 1. 
The cell 2 and the catalyst reservoir 3 were each independently encased 
by split type clam shell furnaces (The Mellen Company) which replaced 

2 5 the Zircar AL-30 insulation 14 and were capable of operating up to 1200 

°C. The cell and catalyst reservoir were heated independently with their 
heaters to independently control the catalyst vapor pressure and the 
reaction temperature. The H 7 pressure was maintained at 2 torr at a 
0 5 cm* 

How rate of ' . The Ni mat was maintained at 900 °C, and the Kl 

3 0 catalyst was maintained at 700 °C for 100 h. 

3.1.3 Concentric Quartz Tubes Gas Cell Hydrino Hydride Reactor 



Hydrino hydride compounds were prepared in a concentric quartz 
3 5 tubes gas cell hydrino hydride reactor comprising a Ni screen dissociator 
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and KI as the catalyst. The experimental concentric quartz lubes gas cell 
hydrino hydride reactor is shown in FIGURE 3. The reactor cell 
comprised two concentric quartz tubes 401 and 402 of dimensions 1" OD 
X - 21" long and 3/4" OD X 24" long, respectively. The T OD lube was 
5 closed at the bottom end with a thermowcll 403 and the 3/4" OD tube 
was open at both ends. The quartz tubes were connected to Swagelok 
fittings 404 and 405 to provide a system capable of maintaining a 
vacuum. Two sets of external heaters 406 and 407 were used to control 
the temperature of the catalyst and (he Ni fiber dissociator 
10 independently. The heaters comprised Chrome Aluminum Iron heating 
elements imbedded in a high purity Al 7 0 3 cement (The Mellcn Company). 

A Ni fiber mat dissociator ~30.2 g (National Standard Company) 
408 was placed in the 3/4" quartz tube 402. The Ni mat was pretreated 
in the cell by flowing H 7 (Scientific Grade- MGS Industries) from a H, 

1 5 source 409 at a rate of 20 cnvVmin at a temperature of 900 °C for 24 h. 

The system was cooled by flowing He (Scientific Grade- MGS Industries) 
from a helium source 410 for 12 hours. KI catalyst - 10.3 g (99.0%. Alfa 
Aesar) 431 was placed at the bottom of the t" OD quartz tube 401. H 7 
was introduced in the annular space 412 of the two concentric tubes and 

2 0 the product gas was pumped away via the 3/4" quartz tube using a 

vacuum pump 413. The total pressure was maintained at 2.0 torr. The 
Ni dissociator temperature was maintained around 950 °C (measured by 
a Type C thermocouple 414). and the catalyst temperature was 
maintained around 650°C (measured by a Type C thermocouple 415). 

2 5 The reaction was stopped after 170 h. and the reactor was cooled in He 

for 12 hours before exposing the cell to atmospheric conditions. 

3.1.4 Stainless Steel Gas Cell Hydrino Hydride Reactor 

3 0 Hydrino hydride compounds were prepared in a stainless steel gas 

cell hydrino hydride reactor comprising a Ti screen dissociator and KI as 
the catalyst. The experimental stainless steel gas cell hydrino hydride 
reactor is shown in FIGURE 4. It comprised a 304-stainlcss steel cell 301 
in the form of a tube having an internal cavity 317 having dimensions of 
3 5 359 millimeters in length and 73 millimeters in diameter. The top end of 
the cell was welded to a high vacuum 4 5/8 inch bored through conflal 
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flange 318. The mating blank conflat flange 319 contained a single 
coaxial hole in which was welded a 1/4 inch diameter stainless steel lube 
302 that was 100 cm in length. A silver plated copper gasket was placed 
between the two flanges. The two flanges are held together with 10 
5 circumferential bolts. The bottom of the 1/4 inch tube 302 was flush 
with the bottom surface of the top flange 319. The tube 302 provided a 
passage for air to be removed from the cell and hydrogen to be supplied 
to the cell. The cell 30! was surrounded by four heaters 303, 304, 305. 
and 306. Concentric to the heaters was high temperature AL 30 Zircar 

1 0 insulation 307. Each of the four heaters were individually 

thermostatically controlled. 

Titanium screen was used as the dissociator and as a reactant to 
produce titanium hydrino hydride. The cylindrical wall of the cell 301 
was lined with two layers of Ti screen 308. Before placing the titanium 

15 dissociator in the cell 301. The titanium was reacted with an aqueous 
solution of 0.57 M K 2 CO y and 3% H 2 0 2 for ten minutes. The titanium 
screen was removed from the solution, and the reaction product was 
allowed to dry on the screen at room temperature. The screen was then 
baked at 200 °C for 12 hours. 71 grams of powdered KJ 309 was poured 

20 into the cell 30K The cell was sealed then continuously evacuated with 
a high vacuum turbo pump 310. The pressure gauge (Varian Convector, 
Pirrani type) 312 read 50 millilorr. The cell was heated by supplying 
power to the heaters 303, 304, 305, and 306. The power of the largest 
heater 305 was measured using a Clarke -Hess model 259 wattmeter. 

2 5 Its 0 to 1 V analog output was fed to the DAS and recorded with the 

other signals. The temperature of the cell read with an Omega type K 
thermocouple with a type 97000 controller was then slowly increased 
over 2 hours to 300 °C. The pressure initially increased, then slowly 
dropped to 10 millitorr. The vacuum pump valve 311 was closed. 
30 Hydrogen was supplied from tank 316 through regulator 315 to the 

valve 314. Hydrogen was slowly added by first filling the tube between 
valve 314 and valve 313 to 800 torr. Valve 313 was slowly opened to 
transfer the trapped hydrogen to the cell 301. This hydrogen transfer 
method was repeated until the pressure in the reactor climbed to 760 

3 5 torr. The temperature of the cell was then slowly increased to 650 °C 

over 5 hours. The hydrogen valve 3! 3 was closed. For the next two 
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hours, the vacuum valve 311 was slowly partially opened to bleed off 
the surplus hydrogen to maintain a pressure between 400 to 500 
millitorr. During the next 17 hours the pressure climbed to 1 lorr. The 
ceil was then cooled and opened. About 5 grams of blue crystals were 
5 observed to have 1 formed in the bottom of the cell. 

3.2 Novel Inor g anic Hydride from a Potassium Carbonate Electrolytic 
Cell 

1 0 ABSTRACT 

A novel inorganic hydride compound KHKHCO> which is stable in water 
and comprises a high binding energy hydride ion was isolated following 
the electrolysis of a K 7 CO> electrolyte. Inorganic hydride clusters 
15 K[KH KIICO^l were identified by Time of Flight Secondary Ion Mass 

Spectroscopy. Moreover, the existence of a novel hydride ion has been 
determined using X-ray photoelectron spectroscopy, and proton nuclear 
magnetic resonance spectroscopy. Hydride ions with increased binding 
energies may be the basis of a high voltage battery for electric vehicles. 

20 

INTRODUCTION 

Evidence of the changing landscape for automobiles can be found in 
the recent increase in research into the next generation of automobiles. 

2 5 But, the fact that there is no clear front-runner in the technological race 

to replace the internal combustion (IC) engine can be attested to by the 
divergent approaches taken by the major automobile companies. 
Programs include various approaches to hybrid vehicles, alternative 
fueled vehicles such as dual-fired engines that can run on gasoline or 
30 compressed natural gas, and a natural gas-fired engine. Serious efforts 
are also being put into a number of alternative fuels such as ethanol, 
methanol, propane, and reformulated gasoline. To date, the most favored 
approach is an electric vehicle based on fuel cell technology or advanced 
battery technology such as sodium nickel chloride, nickel-metal hydride, 

3 5 and lithium-ion batteries [1. Uchara. T. Sakai, H. Ishikawa, J. Alloy Comp., 

253/254, (1997), pp. 635-641). Although billions of dollars are being 
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spent to develop an alternative to the IC engine, there is no technology in 
sight that can match the specifications of IC engine system [New Scientist 
April 15, (1995) pp. 32-35]. 

Fuel cells are attractive over the IC engine because they convert 
hydrogen to water at about 70% efficiency when running at about 20% 
below peak output [D. Mulholland, Defense News, "Powering the Future 
Military". March 8. 1999, pp. 1&34). But, hydrogen is difficult and 
dangerous to store. Cryogenic, compressed gas. and metal hydride 
storage are the main options. In the case of cryogenic storage, 
liquefaction of hydrogen requires an amount of electricity which is at 
least 30% of the lower heating value of liquid hydrogen [S. M. Aceves G 
D. Berry, and G. D. Rambach, Int. J. Hydrogen Energy, Vol. 23, No. 7, 
(1998). pp. 583-591). Compressed hydrogen, and metal hydride storage 
are less viable since the former requires an unacceptable volume, and the 
latter ts heavy and has difficulties supplying hydrogen to match a load 
such as a fuel cell [S. M. Aceves, G. D. Berry, and G. D. Rambach Int J 
Hydrogen Bnergy, Vol. 23. No. 7. (1998). pp. 583-591). The main 
challenge with hydrogen as a replacement to gasoline is that a hydrogen 
production and refueling infrastructure would have to be built. 
Hydrogen may be obtained by reforming fossil fuels. However, in 
practice fuel cell vehicles would probably achieve only 10 to 45 percent 
effiuency because the process of reforming fossil fuel into hydrogen and 
carbon dioxide requires energy (D. Mulholland. Defense News, -powering 
the Future Military", March 8, 1999, pp. |&34). Presently, fuel cells are 
also .mpract.cal due to their high cost as well as the lack of inexpensive 
reforming technology [J. Ball, The Wall Street Journal. "Auto Makers Are 
Racmg to Market "Green" Cars Powered by Fuel Cells", March 15, 1999, P . 

In contrast, batteries are attractive because they can be recharged 
3 0 wherever electricity exists which is ubiquitous. The cost of mobile 

energy from a battery powered car may be less than that from a fossil 
fuel powered car. For example, the cost of energy per mile of a nickel 
metal hydride battery powered car is 25% of that of a IC powered car 
[ "Advanced Automotive Technology: Visions of a Super-Efficient Family 
Car". National Technical Information Service. US Department of 
Commerce, US Office of Technology Assessment, Washington, DC PB96- 
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109202. September 1995). Bui, current battery technology is trying to 
compete with something that it has Utile chance of imitating. Whichever 
battery technology proves to be superior, no known electric power plant 
will match the versatility and power of an internal combustion engine. A 
5 typical IC engine yields more than 10,000 watt-hours of energy per 

kilogram of fuel, while the most promising battery technology yields 200 
watt-hours per kilogram {New Scientist, April 15, (1995) pp. 32-35). 

A high voltage battery would have the advantages of much greater 
power and much higher energy density. The limitations of battery 
I 0 chemistry may be attributed to the binding energy of the anion of the 
oxidant. For example, the 2 volts provided by a lead acid cell is limited 
by the 1.46 eV electron affinity of the oxide anion of the oxidant PbO v An 
increase in the oxidation state of lead such as Pb 1 * -» Pb* -> Pb u is 
possible in a plasma. Further oxidation of lead could also be achieved in 

1 5 theory by electrochemical charging. But, higher lead oxidation states are 

not achievable because the oxide anion required to form a neutral 
compound would undergo oxidation by the highly oxidized lead cation. 
An anion with an extraordinary binding energy is required for a high 
voltage battery. One of the highest voltage batteries known is the lithium 

2 0 fluoride battery with a voltage of about 6 volts. The voltage can be 

attributed to the higher binding energy of the fluoride ion. The electron 
affinity of halogens increases from the bottom of the Group VII elements 
to the top. Hydride ion may be considered a halide since it possess the 
same electronic structure. And, according to the binding energy trend, it 
should have a high binding energy. However, the binding energy is only 
0.75 eV which is much lower than the 3.4 eV binding energy of a fluoride 



25 



ion. 



An inorganic hydride compound having the formula KUKHCO s was 
isolated from an aqueous K 7 CO, electrolytic cell reactor. Inorganic ' 

3 0 hydride clusters K[KH KHCO s ]' m were identified by Time of Flight 

Secondary Ion Mass Spectroscopy (ToF-SIMS). A hydride ion with a 
binding energy of 22.8 eV has been observed by X-ray photoclectron 
spectroscopy (XPS) having upficld shifted solid state magic-angle 
spinning proton nuclear magnetic resonance (*« MAS NMR) peaks. 

3 5 Moreover, a polymeric structure is indicated by Fourier transform 

infrared (FT1R) spectroscopy. The discovery of a novel hydride ion with 
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a high binding energy has implications for a new field of hydride 
chemistry with applications such as a high voltage battery. Such 
extremely stable hydride ions may stabilize positively charged ions in ah 
unprecedented highly charged state. A battery may be possible having 
5 projected specifications that surpass those of the internal combustion 
engine. 

EXPERIMENTAL 
1 0 Synthesis 

An electrolytic cell comprising a K,CO, electrolyte, a nickel wire 
cathode, and platinized titanium anodes was used lo synthesize the 
KHKHCO, sample [R. Mills, W. Good, and R. Shaubach, Fusion Techno!. 25, 
103 (1994)). Briefly, the cell vessel comprised a 10 gallon (33 in. x 15 
1 5 in.) Nalgene tank. An outer cathode comprised 5000 meters of 0.5 mm 
diameter clean, cold drawn nickel wire [NI 200 0.0197", HTN36NOAG1 A- 
1 Wire Tech, Inc., 840-39th Ave., Rockford. Illinois, 61109) wound on a 
polyethylene cylindrical support. A central cathode comprised 5000 
meters of the nickel wire wound in a toroidal shape. The central cathode 
was inserted into a cylindrical, perforated polyethylene container that 
was placed inside the outer cathode with an anode array between the 
central and outer cathodes. The anode comprised an array of 15 
platinized titanium anodes (Ten - Engelhard Pt/Ti mesh 1.6" x 8" with one 
3/4" by 7" stem attached to the 1.6" side plated with 100 U series 3000; 
and 5 - Engelhard 1" diameter x 8" length titanium tubes with one 3/4" x 
7" stem affixed to the interior of one end and plated with 100 U Pt scries 
3000). Before assembly, the anode array was cleaned in 3 M HCl for 5 
minutes and rinsed with distilled water. The cathode was cleaned by 
placng it in a tank of 0.57 M Ki CO,/3% for 6 hours and then rinsing 
it with distilled water. The anode was placed in the support between the 
central and outer cathodes, and the electrode assembly was placed in the 
tank containing electrolyte. The electrolyte solution comprised 28 liters 
of 0.57 M W (Alfa K.CO, 99%). Electrolysis was performed at 20 amps 
constant current with a constant current (± 0.02%) power supply. 

Samples were isolated from the electrolytic cell by concentrating 
the K 7 CO> electrolyte about six fold using a rotary evaporator at 50 °C 
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until a yellow white polymeric suspension formed. Precipitated crystals 
of. the suspension were ,hen grown over three weeks by allowing the 
saturated solution to stand in a sealed round bottom flask at 25°C 
Control samples utilized in the following experiments contained K CO 
5 (99%), KHCO s (99.99%), HNO, (99.99%), a „d KH (99%). 

ToF-SlMS Characterizaiinn 

The crystalline samples were sprinkled onto the surface of double- 

1 0 2cl Tot ^V aPCS CharaC,e " Zed * ^sicol Electronics TFS- 

10 2000 ToF-SfMS mstrument. The primary ion gun utilized a » Ca ' liquid 
metal source. I„ order to remove surface contaminants and expose a 
fresh surface, the samples were sputter cleaned for 30 seconds using a 
4 0,m X40„ m raster. The aperture setting was 3, and the ion current 
was 600 pA resulting in a total ion dose of 10" ions/cm 1 

' 5 width 4 Ulin l Tf ° PCra,ed USin * a bunc hed (pulse 
width 4 ns bunched to 1 ns) 15 kV beam [Microsc. Microanal 

top SET; 3 ; ■ (1992): For rccent ******* « ™ i™ n . 

ToF-SIMS Technical Brochure, Eden Prairie, MN 55344], The total ion 
dose was 10" ion3 ,c m \ Charge neutralization was active, and the post 

^.iTT/r/' ^ree different regions on each sample 
of (12/n) , (,8/*») , and (25/H .were analysed. The positive and negative 
SIMS spectra were acquired. Representative post sputtering data is 
reported. 

2 5 XPS Ch aracteris ation 

A series of XPS analyses were made on the crystalline samples 
using a Scienta 300 XPS Spectrometer. The fixed analyzer transmission 
mode and the sweep acquisition mode were used. The step energy in the 

30 ZTIT: 7 "* StCP CnCf8y in ,hC hi « h -olutiofscan 

3 0 was 0.15 ev. !„ ,he survey scan, the time per step was 0.4 seconds, and 

.he number of sweeps was 4. In the high resolution scan, the time per 
step was 0.3 seconds, and the number of sweeps was 30. C Is at 284 6 <V 
was used as the internal standard. 

3 5 NMR Spt-grptr-npy 



WO 00/07932 



PCT/US9!>/]7I7! 



91 



'W MAS NMR was performed on the crystalline samples. The data 
were obtained on a custom built spectrometer operating with a Nicolet 
1280 computer. Final pulse generation was from a tuned Henry radio 
amplifier. The 'H NMR frequency was 270.6196 MHz. A 2 ,/sec pulse 
5 corresponding to a 15° pulse length and a 3 second recycle delay were 
used. The window was ±31 kHz. The spin speed was 4.5 kHz. The 
number of scans was 1000. Chemical shifts were referenced to external 
TMS. The offset was 1527.12 Hz, and the magnetic flux was 6.357 T. 

1 0 FTIR Sp ectroscopy 

Samples were transferred to an infrared transmitting substrate and 
analyzed by FTIR spectroscopy using a Nicolet Magna 550 FTIR 
Spectrometer with a NicPlan FTIR microscope. The number of scans was 
500 for both the sample and background. The number of background 

1 5 scans was 500. The resolution was 8.000. A dry air purge was applied. 

RESULTS AND DISCUSSION 
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ToF-SIMS 

The positive ToF-SIMS spectrum obtained from the KHCO, control is 
shown in FIGURES 96 and 97. Moreover, the positive ToF-SIMS of a 
sample isolated from the electrolytic cell is shown in FIGURES 98 and 99. 
The respective hydride compounds and mass assignments appear in 
TABLE 3.11.1. In both the control and electrolytic samples, the positive 
2 5 ion spectrum are dominated by the K' ion. Two series of positive ions 
t*[ff 2 CO,j; m/? = (39 + 138«) and ^OHf^CO,); m/z = (95+138/i)) are 
observed in the KHCO, control. Other peaks containing potassium include 
KCT, *,(?,', K,0,H t \ KQO\ and K 3 \ However, in the electrolytic cell 
sample, three new series of positive ions are observed at 
1 K\KH KHCO& mtz = (39+ 140«), K,Oti{KH KHCO& m 1 t = (95 + 140„), and 
tf,0( KH KHCO& « / « - 033 + 140*) | . These ions correspond to inorganic 
clusters containing novel hydride combinations (i.e. KH KHCO, units plus 
other positive fragments). 

The comparison of the positive ToF-SIMS spectrum of the KHCO, 
control with the electrolytic cell sample shown in FIGURES 96-97 and 98- 
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99, respectively, demonstrates that the »r peak of the electrolytic cell 
sample may saturate the detector and give rise to a peak that is atypical 
of the natural abundance of «K. The natural abundance of "K is 6.7%- 
whereas, the observed «K abundance from the electrolytic cell sample is 
5 57%. This atypical abundance was also confirmed using ESIToFMS [R 

Mills, The Grand Unified Theory of Classical Quantum Mechanics, January 
1999 Edition, BlackLight Power, Inc., Cranbury, New Jersey, Distributed 
by Amazon.com]. The high resolution mass assignment of the m/ 2=4 | 
peak of the electrolytic sample was consistent with 4 >K. and no peak was 

10 observed at m/z = 42.98 ruling out Moreover, the natural 

abundance of "K was observed in the positive ToF-SIMS spectra of 
KHC0 3 > KNO it and Kl standards that were obtained with an ion current 
such that the »k peak intensity was an order of magnitude higher than 
that g,ven for the electrolytic cell sample. The saturation of the »K peak 

1 5 of the positive ToF-SIMS spectrum by the electrolytic ceil sample is 

indicative of a unique crystalline matrix {Practical Surface Analysis. 2nd 
Edition, Volume 2, Ion and Neutral Spectroscopy, D. Briggs, M. P. Seah 
(Editors), Wiley & Sons, New York, (1992)]. 



2 0 TABLE 3.11.1. The 
{m/z) of the positive 



Hydrino Hydride 

Compound 

or Fragment 



respective hydride compounds and mass assignments 
ToF-SIMS of an electrolytic cell sample. 



Nominal 

Mass 

m/z 



Observed 
m/z 



Calculated 
m/z 



Difference 
Between 
Observed 
and Calculated 
rn t z 



KM 



KHKOH 7 



KH 2 {KH\ 



40 



39,97 



39.971535 



79 



78.940 



78. 935245 



80 



79.942 



79.94307 



97 



96.945 



96.945805 



121 



120.925 



120.92243 



0.0015 



0.004 



0.001 



0.0008 



0.003 



KH KHCO. 



KH 7 KHQ 4 



K(KOH) 7 



KH(KOH\ 



124 



123.925 



123.93289 



145 



144.92 



0.008 



144.930535 



0.010 



151 

152 



150.90 



150.8966 



0.003 



151.90 



151.904425 



0.004 
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153 


152.90 


152.91225 


0.012 


K[KH KHCO)} 


179 


178.89 


178.8915 


0.001 


KCO(KH\ 


1 87 


186.87 


186.873225 


0.003 


K 2 OHKHKOH 


191 


190.87 


190.868135 


0.002 


KH^KOUKHKOH 


1 93 


192.89 


192.883785 


0.0-06 


K y O{H 2 0) 4 


c Uj 


204.92 


204.92828 


0.008 


K 7 OH[KH KHCO,] 


235 


234.86 


234.857955 


0.002 


K\ // CO Khf KHCn 1 


257 


256.89 


256.8868 


0.003 




273 


272.81 


272.81384 


0.004 




303 


302.88 


302.89227 


0.012 


K\KH KHCOyKjCO}] 


317 


316.80 


316.80366 


0.004 


k[kh KHCO^\ 


319 


318.82 


31B. 81931 


0.001 


KH^KHKOH\ 


329 


328.80 


328,7933 


0.007 


1/ S\ IT t »|| >/>) 1 

KOHj[KH KHCO^ 


337 


336.81 


336.82987 


0.020 


A./7 A(/ 2 ■ 


351 


350.81 


350.80913 


0.001 


l 3 J 


357 


356.77 


356.775195 


0.005 


1 3 J? 


joy 


358.78 


358.790845 


0.011 




375 


374.78 


374.785755 


0.005 


K 2 OH[KHKOH] } 
[KHCO,] 




386.75 


386.76238 


0.012, 


KKH,KH.\KH KHCO 1 


405 


404.79 


404.80933 


0.019 


[KHKHCO^] or 

A:[^HArow(jc 2 co,)J 


4 1 1 


41 0.75 




0.024 




413 


412.74 


412.74164 


0.002 




415 ! 


414.74 


414.75729 


0.017 


KHjOKHCO) 
[KHKHCOy], 


437 


436.81 


436.786135 


0.024 


KKHKCO,\KH KHCO>\ 


442 


44 1 .74 


441744375 


0.004 
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k\kh khco 1 


459 


458.72 


458.74711 


0.027 


HlKH koh\ Ik co] 

o r 

k a o 7 h\kh khcoA 


469 


468.70 


468.708085 


0.008 




j 77 
** f § 


476.72 


476.744655 


0.025 




515 


514.72 


5t4 7135SR 


U.UOo 




553 


552.67 


552.66944 


0.001 




599 


598.65 


598.67491 


0.025 




655 


6.54.65 


654.641355 


0.009 




693 


692.60 


692.59724 


0.003 


tf[A7/ khco,\ s 


739 


738.65 


738.60271 ! 


0.047 


K,0\KHKUCOX 


833 


032.50 


832.52504 


0.025 


K\KH KHCO.l 


879 


878.50 


878.53051 


0.031 


Kp[KH KHCO,\ 


973 


972.50 


972.45284 


0.047 



The negative ion ToF-SIMS of the elecirolytic cell sample was 
elongated by H~, O; and OH peaks. A series of nonhydride containing 
negative ,ons {KCO^CO,)] ,*/* = (99 + B8n)} was also present which 

implies «ha, the hydride is lost with the proton during fragmentation of 
the compound KH KHCO } . 



1 0 



I 5 



20 



XPS 

A survey spectrum was obtained over the region £ t = 0 eVto 1200 e V. 
The primary element peaks allowed for the determination of all of the 
elements present in each sample isolated from the K,CO, electrolyte. The 
survey spectrum also detected shifts in the binding energies of the 
elements which had implications to the identity of the compound 
containing the elements. A high resolution XPS spectrum was also 
obtamcd of the low binding energy region ( E, = 0 eV t0 100 eV) to determine 
Ihe presence of novel XPS peaks. 

No elements were present in the survey scans which can be 
assigned to peaks in the low binding energy region with the exception of 
a small variable contaminant of sodium at 63 eV and 31 eV, potassium at 
16.2 cV a „d 32.1 eV, and oxygen at 23 cV. Accordingly, any other peaks 
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in this reg.on must be due 10 novel species. The K3s and K3 P arc shown 
in Figure 100 at ld.2eV and 32.1 eV. respectively. A weak Na 2s is 
observed at 63 eV. The 0 2, which is weak compared to the potassium 
peaks of K^CO, .s typically present at 23 eV. but is broad or obscured in 
FIGURE 100. Peaks centered at 22.8 <V and 38.8 eV which do not 
correspond to any olher primary element peaks were observed The 
intensity and shift match shifted K3s and K3p. Hydrogen is .he only 
element which docs not have primary element peaks; thus, it is the only 
candidate to produce che shifted peaks. These peaks may be shifted by a 
highly binding hydride ion with a binding energy of 22.8 eV that bonds to 
potassium K3 P and shifts the peak to this energy. In this case, the K 3s 
is similarly shifted. These peaks were not present in the case of the XPS 
of matching samples isolated from an identical electrolytic eel! except 
that NojCOj replaced K } CO } as the electrolyte. 

A novel hydride ion having extraordinary chemical properties 
given by Mills [R. Mills, The Grand Unified Theory of Classical Quantum 
Mechanics, January 1999 Edition, BlackLight Power, Inc.. Cranbury New 
Jersey. Distributed by Amazon.com] is predicted to form by the reaction 
of an electron with a hydrino (Eq. (71)), a hydrogen atom having a 
binding energy given by 

Binding Energy = y^r^ (70) 

where p is an integer greater than 1. designated as wjffcj where a„ is 

the radius of the hydrogen atom. The resulting hydride ion is referred to 
as a nydnno hydride ion. designated as H'{M p). 

H^y e -^ir(yp) (71) 

The hydrino hydride ion is distinguished from an ordinary hydride 
ion having a binding energy of 0.8 eV. The latter is hereafter referred to 
as -ordinary hydride ion". The hydrino hydride ion is predicted [R. Mills 
The Grand Unified Theory of Classical Quantum Mechanics, January 1999 
Ed.uon. BlackLight Power. Inc.. Cranbury, New Jersey, Distributed by 
Amazon.com) to comprise a hydrogen nucleus and two indistinguishable 
electrons at a binding energy according to the following formula: 
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Binding Energy = »*>/*(*+ 0 _ ^/.g'/i ( ( _ 



(72) 



where , ,s a n integer greater than one, ,= 1/2. jr is pi, h is Planck's 
constant bar, „. is the permeability of vacuum, is the mass of the 
electron, is the reduced electron mass, a. is the Bohr radius, and e is 
the elementary charge. The ionic radius is 

r^^s-i (?3) 
From Eq. (73). the radius of the hydrino hydride ion //" (I / p); p = integer is 
- that of ordinary hydride ion, /r(,/,). The XPS peaks centered at 
22.8 eV and 38.8 cV are assigned to shifted K 3s and K3 P . The anion does 
not correspond to any other primary clement peaks; thus it mav 
correspond to the = 1/6)* = 22.8 eV hydride ion prediaed by Mills ( R 

IS'Ji' Gra " d Unified ° f ClaSSical Quant »»> Mechanics, January 

bv A^T"' B i aCk h Light / ower ' lnc - Banbury, New Jersey, Distributed 
by Amazon.com) where E h is the predicted binding energy. 

Hydrinos are predicted to form by reacting an ordinary hydrogen 
atom w,th a catalyst having a net enthalpy of reaction of about 
m-27.21«V 

where m is an integer (R. Mills. 77ie Grand Unified Theory of Classical 
Quantum Mechanics, January 1999 Edition, BlackLight Power Inc 

2 0 Cranbury, New Jersey, Distributed by Amazon.com). This catalysis' 

releases energy from the hydrogen atom with a commensurate decrease 
m size of the hydrogen atom. For example, the catalysis of 

//<* = ■) to //(.el/2) releases 40.8 eV, and the hydrogen radius decreases 
from a H to -a M . One such catalytic system involves potassium. The 

25 second ionization energy of potassium is 31.63 eV; and K' releases 4 34 a> 
when ,t is reduced to K. The combination of reactions K' to K" and K* 
to K, then, has a net enthalpy of reaction of 27.28 eV. which is equivalent 
to m-\ in Eq. (74). 

27. 28e V + ^ + ^ + / ^j^, + ,, + w ^j + I(/) + 1) ,_ pJ);f|36ffK 
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K + K 1 ' ->K' + K' +27.28 eV (?6) 
The overall reaction is 



20 



25 



30 



4^fe] +{( ' +,)i -'' jx,3£ 



1.6 eV (77) 

The energy given off during catalysis is much greater lhan .he energy 
, lost to the catalyst. The energy released is large as compared to 
conventional chemical reactions. For example, when hydrogen and 
oxygen gases undergo combustion to form water 

»Ag)+\o, (*)-»//,<>(/) {7g) 
the known formation enthalpy of water is dJi f = -286 kJ I mole or 1.48 cV 
10 per hydrogen atom. By contrast, each ordinary hydrogen atom (» = 1) 
catalysis releases a net of 40.8 eV. The exothermic reactions Eq. (75-77) 
Eq. (71) and the enthalpy of formation of KH KHCO, could explain the 
observation of excess enthalpy of 1.6 X 10* J that exceeded the total input 
enthalpy given by the product of the electrolysis voltage and current 
1 5 over time by a factor greater than 8 (R. Mills. W. Good, and R. Shaubach 
Fusion Technol. 25, 103 (1994)]. 

XPS further confirmed the ToF-SlMS data by showing shifts of the 
primary elements. The splitting of the principle peaks of the survey XPS 
spectrum is indicative of multiple forms of bonding involving the atom of 
each split peak. For example, the XPS survey spectrum shown in FIGURE 
101 shows extraordinary potassium and oxygen peak shifts. All of the 
potassium primary peaks are shifted to about the same extent as that of 
the K3s and K3p. In addition, extraordinary OU peaks of the 
electrolytic cell sample were observed at 537.5 eV and 547.8 ,V- whereas a 
single Oh was observed in the XPS spectrum of K 2 CO, at 53ZO e V. The' 
results are not due to uniform charging as the internal standard C\s 
remains the same at 284.6 eV. The results are not due to differential 
charging because the peak shapes of carbon and oxygen are normal, and 
no tailing of these peaks was observed. The binding energies of the 
K.CO, control and an electrolytic cell sample are shown in TABLE 3.11.2. 
The range of binding energies from the literature [C. D. Wagner W M 
Riggs. L. E. Davis, J. F. Moulder. G. E. Muhlenberg (Editor), Handbook of X- 
ray Photoelectron Spectroscopy, Perkin-Elmer Corp., Eden Prairie 
Minnesota, (1997)) for the peaks of interest are given in the final' row of 
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TABLE 3.11.2. The Kip, K 2s, K2p ul . K2 Ptn , an d K 2s XPS peaks and .he 
O U XPS peaks shifted to an exieni greater than those of known 
compounds may correspond .to and identify KH KHCO,. 

TABLE 3.11.2. The binding energies of XPS peaks of K,CO } and an 



XPS 

ft 


C\s 
(eV) 


Ols 
<*V) 


K3p 
(eV) 


K2s 
(eV) 


K2p y 
(eV) 


K2 Pl 
(eV) 


K2s 
(eV) 


K?CO> 


288.4 


532.0 


18 


34 


292.4 


295.2 


376.7 


Electrolytic 

Celt 

Samolo 


288.5 


530.4 
537.5 
547.8 


16.2 
22.8 


32.1 
38.8 


291.5 
298.5 


293.7 
300.4 


376.6 
382. 6 


Min 
Max 


280.5 
293 


529 
535 






292 
293.2 







NMR 

The signal intensities of the Vi MAS NMR spectrum of the K^O, 
reference were relatively low. It contained a water peak at 1.208 ppm. a 
peak at 5.604 ppm, and very broad weak peaks at 13.2 ppm and 16 3 
ppm. The <H MAS NMR spectrum of the KHCO, reference contained a 
large peak at 4.745 with a small shoulder at 5.150 ppm, a broad peak at 
13.203 ppm, and small peak at 1.2 ppm. 

The 7/ MAS NMR spectra of an electrolytic cell sample is shown in 
FIGURE 102. The peak assignments are given in TABLE 3.11.3 The 
reproducible peaks assigned to KHKHCO, in TABLE 3.11.3 were not 
present in the controls except for the peak assigned to water at +5.066 
ppm. The novel peaks could not be assigned to hydrocarbons. 
Hydrocarbons were not present in the electrolytic cell sample based on 
the TOFSIMS spectrum and FTIR spectra which were also obtained (see 
below). The novel peaks without identifying assignment are consistent 
with KH KHCO). The NMR peaks of the hydride ion of potassium hydride 
were observed at 1.192 ppm and 0.782 ppm relative to TMS. The upficld 
peaks of FIGURE 102 are assigned to novel hydride ion (KH-) in different 
environments. The down field peaks are assigned to the proton of the 
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potassium hydrogen carbonate species in different chemical 
environments (~KHCO y ). 



TABLE 3.11.3. The NMR peaks of an electrolytic cell sample with their 
5 assignments. 



Peak at Shift 
(ppm) 


Assignment 


+34.54 


side band of 
+ 17.163 D eak 


+ 22.27 


side band of +5.066 
peak 


+17.163 


KHKHCO, 


+10.91 


KH KHCO i 


+ 8.456 


KHKHCO, 


+7.50 




+5.066 




+1.830 


KHKHCOy | 


-0.59 


side band of 
+17.163 Deak 


-12.05 


KH KHC0> a 


-15.45 


KH KHCOi 



a smaD shoulder is observed on tho -12.05 peak 
which Is the side band of the +5.066 peak 



EXIg 

0 The FTIR spectra of K 7 C0> (99%) and KHCO y (99.99%) were 

compared with that of an electrolytic cell sample. A spectrum of a 
mixture of the bicarbonate and the carbonate was produced by digitally 
adding the two reference spectra. The two standards alone and the 
mixed standards were compared with that of the electrolytic cell sample. 

5 From the comparison, it was determined that the electrolytic cell sample 
contained potassium carbonate but did not contain potassium 
bicarbonate. The unknown component could be a bicarbonate other than 
potassium bicarbonate. The spectrum of potassium carbonate was 
digitally subtracted from the spectrum of the electrolytic cell sample. 
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Several bands were observed including bands in the 1400- 1600cm-' 
region. Some organic nitrogen compounds (e.g. acrylamides, 
pyrolidinoncs) have strong bands in the region 1660 cm' 1 [D. Lin-Vien, N. B. 
Colthup, W. G. Fatcley, J. G. GrasseHic, The Handbook of Infrared and 
5 Raman Characteristic Frequencies of Organic Molecules. Academic Press, 
Inc., (199!)]. However, ihc lack of any delectable C-H bands 
(- 2800 - 3000 cm~*) and the bands present in the 700 to 1100 cm" 1 region 
indicate an inorganic material (R. A. Nyquist and R. O. Kagel, (Editors), 
Infrared Spectra of Inorganic Compounds, Academic Press, New York, 
10 (1971)}. Peaks that are not assignable to potassium carbonate were 
Observed at 3294, 3077, 2883, 1100 an\ 2450, 1660, 1500, 1456, 1423, 1300, 
1154, 1023. 846, 761, and 669 cm' 1 . 

The overlap FTIR spectrum of the electrolytic cell sample and the 
FT1R spectrum of the reference potassium carbonate appears in FIGURE 

1 5 103. In the 700 to 2500 an* region, the peaks of the electrolytic cell 

sample closely resemble those of potassium carbonate, but they arc 
shifted about 50 cm' 1 to lower frequencies. The shifts are similar to those 
observed by replacing potassium (Ar 2 C0 3 ) with rubidium (Rb.CO,) as 
demonstrated by comparing their 1R spectra [M. H. Brooker, J. B. Bates, 

2 0 Spectrochimica Acta, Vol 30A, (1994), pp. 2211-2220]. The shifted 

peaks may be explained by a polymeric structure for the compound 
KIIKHCO, identified by ToF-SIMS, XPS, and NMR. 

Further Analytical Tests 

2 5 X-ray diffraction (XRD), elemental analysis using inductively 

coupled plasma (ICP), and Raman spectroscopy were also performed on 
the electrolytic sample [R. Mills, The Grand Unified Theory of Classical 
Quantum Mechanics, January 1999 Edition, BlackLight Power, Inc., 
Cranbury, New Jersey, Distributed by Amazon.com]. The XRD data 

3 0 indicated that the diffraction pattern of the electrolytic cell sample does 

not match that of cither KH . KHCO,. K 7 CO^ or KOH. The elemental 
analysis supports KH KHCO y In addition to the known Raman peaks of 
KHCO, and a small peak assignable to K,CO>, unidentified peaks at 
1685 cm-' and 835 cm' 1 were present. Work in progress IR. Mills, The Grand 
3 5 Unified Theory of Classical Quantum Mechanics, January 1999 Edition, 
BlackLight Power, Inc., Cranbury, New Jersey, Distributed by 
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Amazon.com) demonstrates that KHKHCO> may al so be formed by a 
reacuon of gaseous Kl with atomic hydrogen in the presence of KXO In 
addition to the previous analytical studies, the fragment KK t CO> 
corresponding to KHKHCO, was observed by electrospray ionization time 
of flight mass spectroscopy as a chromatographic peak on a CI8 liquid 
chromatography column typically used to separate organic compounds 
No chromatographic peaks were observed in the case of inorganic 
compound controls Kl, KHCO>, K,CO>, and KOH 



DISCUSSION 



Alkali and alkaline earth hydrides react violently with water to 
release hydrogen gas which subsequently ignites due to the exothermic 
reaction with water. Typically metal hydrides decompose upon heating 
at a temperature well below the melting point of the parent metak These 
sahne hydrides, so called because of their saltlike or ionic character are 
the monohydrides of the alkali metals and the dihydrides of the alkaline- 
earth metals, with the exception of beryllium. BeH, appears to be a 
hydride with bridge type bonding rather than an ionic hydride. Highly 
polymerized molecules held together by hydrogen-bridge bonding is 
exhibited by boron hydrides and aluminum hydride. Based on the 
known structures of these hydrides, the ToF-SIMS hydride clusters such 
as KlKHKHCO^ the XPS peaks observed at 22.8 eV and 33.8.V. upfield 
NMR peaks assigned to hydride ion. and the shifted FTIR peaks the 
present novel hydride compound may be a polymer. [KHKHCOj , with a 
structural formula which is similar to boron and aluminum hydrides. The 
reported novel compound appeared polymeric in the concentrated 
electrolytic solution and in distilled water. [KH KHCO^ is extraordinarily 
stable in water; whereas, potassium hydride reacts violently with water. 

As an example of the structures of this compound, the 
K[KHKHC0>1 »</* = (39 + l40„) series of fragment peaks is tentatively 
assigned to novel hydride bridged or linear potassium bicarbonate 
compounds having a general formula such as [KHKHCO } \ n = 1,2.3.... 
General structural formulas may be 
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HCO3 



\ 



\ 
/ 



aftd 



-J- K* — h " — K* — HCQa" J— 



Liquid chromatography/ESIToFMS studies arc j„ progress ,0 support the 
polymer assignment yi 

The observation of inorganic hydride fragments such as 
K\KHKHCO,\ in the positive ToF-SIMS spectra of samples isolated from 
the electrolyte following acidification indicates the stability of the novel 
potass.um hydride potassium bicarbonate compound [R... Mills, The Grand 
Umfted Theory of Classical Quantum Mechanics, January 1999 Edition 
BlackL.ght Power, Inc., Cranbury. New Jersey, Distributed by 
Amazon.com}. The electrolyte was acidified with HNO, to P H = 2 and 
boiled to dryness lo prepare samples to determine whether KHKHCO 
was reactive under these conditions. Ordinarily „ 0 K.CO, would be ' 
present, and the sample would be converted to KNO y Crystals were 
isolated by dissolving the dried crystals in water, concentrating the 
solution, and allowing crystals ,0 precipitate. ToF-SIMS was performed 
or, these crystals. The positive spectrum contained elements of the series 
of .norganic hydride clusters { K[KH KHCO^ m/ z = (39 + 140*), 
K,OH[KHKHCO y l '»/*=(95-H 4 O,0,and K^KHKHCOj m/z='(]33 + 140*)) 
that were observed in the positive ToF-SIMS spectrum of the electrolytic 
rr^noZ " ** > *™ d ^ ToF " SIMS Section and given in 

<™ r vTr t k able , 3 UA - m prcscncc ° f w — «i« 

<CI, = 289.5 eV) was observed in the XPS of the sample from the HNO 
acidified electrolyte. In addition, fragments of compounds formed by the 
d.splaccment of hydrogen carbonate by nitrate were observed [R Mills 
The Grand Unified Theory of Classical Quantum Mechanics, January 1999 
Ed,„on, BlackLight Power. Inc.. Cranbury, New Jersey, Distributed by 
Amazon.com}. A general structural formula for the reaction maybe 
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j- K*— H * — K* — HCOa" - j- 



no; 



10 



-f* K*— H " — K + — NCV-j- 

n 

NO3* 



or 



H" ^ 



+ niico; 



(79) 



During acidification of the K 2 CO s electrolyte the pH repetitively 
increased from 3 to 9 at which time additional acid was added with 
carbon dioxide release. The increase in pH (release of base by the 
titration reacant) was dependent on the temperature and concentration 
of the solut.on. A reaction consistent with this observation is the 
displacement reaction of NO; for HCO]- as given by Eq. (79). 

CONCLUSION 
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r„»Ji? T0F : SmS ' XPS > and NMR r «ults confirm the identification of 
KHKHCO, wtlh a new state of hydride ion. The chemical structure and 
properties of this compound having a hydride ion with a high binding 
energy are indicative of a new field of hydride chemistry. The novel 
hydride ion may combine with other cations such as other alkali cations 
and alkaline earth, rare earth, and transition element cations. Thousands 
of novel compounds may be synthesized with extraordinary properties 
relative to the corresponding compounds having ordinary hydride ions 
These novel compounds may have a breath of applications. For example 
a high voltage battery according to the hydride binding energy of 22 8, V 
observed by XPS may be possible having projected specifications that 
surpass those of the internal combustion engine. 
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3.3 Synthesis and Chaacieranilgn "' Pot assium lodo Hy d^ 
ABSTRACT 

A novel inorganic hydride compound tfW which comprises a high bindin° 
energy hydride ions was synthesized by reaction of atomic hydrogen * 
w.th potassium metal and potassium iodide. Potassium iodo hydride was 

identified by time of flight secondary ion mass speclroscopy. X-ray 
photoelectron spectroscopy, proton and »k nuclear magnetic resonance 
spectroscopy. Fourier transform infrared (FTIR) spectroscopy, 
electrospray ionization time of flight mass spectroscopy, liquid 
chromatography/mass spectroscopy, thermal decomposition with analysis 
by gas chromatography, and mass speclroscopy. and elemental analysis 
Hydride ions with increased binding energies may form many novel 
1 5 compounds with broad applications. 

l^frcoDucnoN 

Intense EUV emission was observed at low temperatures (e.g. 
<10*K) from atomic hydrogen and certain atomized elements with one or 
more unpaired electrons or certain gaseous ions which ionize at integer 
multiples of the potential energy of atomic hydrogen [R. Mills, J. Dong, Y. 
Lu. "Observation of Extreme Ultraviolet Hydrogen Emission from 
Incandesccntly Heated Hydrogen Gas with Certain Catalysts". Science, 
(1999) in progress]. Based on its exceptional emission, we used 
potassium metal as a catalyst to release energy from atomic hydrogen. 
Mills predicts an exothermic reaction whereby certain atoms or ions 
serve as catalysts [R. Mills, The Grand Unified Theory of Classical 
Quantum Mechanics. January 1999 Edition, BlackLight Power. Inc., 
Cranbury, New Jersey. Distributed by Amazon.com] to release energy 
from hydrogen to produce an increased binding energy hydrogen atom 
called a hydrino having a binding energy of 

Binding Energy = (80) 
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where p is an integer greater than I, designated as ff^J where n w is 

the radius of the hydrogen atom. Hydrinos are predicted to form by 
reacting an ordinary hydrogen atom with a catalyst having a net 
enthalpy of reaction of about 

5 mn.icv (81) 

where m is an integer JR. Mills, The Grand Unified Theory of Classical 
Quantum Mechanics, January 1999 Edition, BlackLight Power, Inc., 
Cranbury, New Jersey, Distributed by Amazon.com}. This catalysis 
releases energy from the hydrogen atom with a commensurate decrease 
10 in size of the hydrogen atom. r,=na„. For example, the catalysis of 

tf(n = l)to«(« = l/2) releases 40.8 a', and the hydrogen radius decreases 
from a„ to ~a H . > 

A catalytic system is provided by the ionization of i electrons from an 
atom each to a continuum energy level such that the sum of the 
ionization energies of the i electrons is approximately mXYJ.leV where 
m is an integer. One such catalytic system involves potassium. The 
first, second, and third ionization energies of potassium are 4.34066 eV, 
31.63 eV, 45.806 eV, respectively [D. R. Linde, CRC Handbook of Chemistry 
and Physics, 78 th Edition, CRC Press, Boca Raton, Florida, (1997) p 10- 
2 0 214 to 10-216. 

4. Microsc. Microanal. Microstruct., Vol. 3, 1. (1992)). The triple ionization 
(r=3) reaction of K to K 2 \ then, has a net enthalpy of reaction of 
81.7426 eV, which is equivalent to m = 3 in Eq. (81). 

+ /^j^ + 3c - + ^_^_J +l(p4 . 3)2 ^ ^, X13 6 ey {g2) 

25 K**+3e-~* K(m) + 8 1.7426 eV (83) 

And, the overall reaction is 

w [^]^ w fe] +l(p+3), - /lx,36 ' v (84) 

Potassium ions can also provide a net enthalpy of a multiple of that 
of the potential energy of the hydrogen atom. The second ionization 
30 energy of potassium is 31.63 eV; and X* releases 4.34 eV when it is 

reduced to K. The combination of reactions to K 1 ' and K' to K, then. 
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has a net enthalpy of reaction of 27.28 eV, which is equivalent to m-1 in 
Eq. (81). 

2ln£V+K ' + K ' + '{^K + K U + >{^+Up + l?- P > ] Xl3.6eV (85) 

K + K u ->K'+K' +27.28<V (86) 
The overall reaction is 

A novel hydride ion having extraordinary chemical properties 
given by Mills [R. Mills, The Grand Unified Theory of Classical Quantum 
Mechanics, January 1999 Edition, DlackLight Power, Inc., Cranbury, New 
Jersey, Distributed by Amazon.com} is predicted to form by the reaction 
of an electron with a hydrino (Eq. (88)). The resulting hydride ion is 
referred to as a hydrino hydride ion, designated as H {\lp). 

"[^y*-^H-a<p) (88 ) 

The hydrino hydride ion is distinguished from an ordinary hydride 

1 5 ion having a binding energy of 0.8 eV. The latter is hereafter referred to 

as "ordinary hydride ion". The hydrino hydride ion is predicted [R. Mills, 
The Grand Unified Theory of Classical Quantum Mechanics, January 1999 
Edition, BlackLight Power. Inc., Cranbury, New Jersey, Distributed by 
Amazon.com] to comprise a hydrogen nucleus and two indistinguishable 

2 0 electrons at a binding energy according to the following formula: 



10 



Binding Energy = ?'V«<*+1> W ? * , + - 

8^Ji±^±nj "to 1 j n-y^ny j 



(89) 



where p is an integer greater than one, j = t/2. jr is pi, h is Planck's 
constant bar, //. is the permeability of vacuum, m, is the mass of the 
electron, n, is the reduced electron mass, a, is the Bohr radius, and e is 
25 the elementary charge. The ionic radius is 

r,=^( 1 + ^-£Ti)). J= A (9Q) 

From Eq. (90), the radius of the hydrino hydride ion /r(l/p) ;p = integer is 
- that of ordinary hydride ion, //"(!/ 1). 
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A novel .norganic hydride compound KM which comprises high 
bindtng energy hydride ions was synthesked by reac , ion of P J»» 
hydrogen w„h potassium metal and potassium iodide. Potassium iodo 

aoFSIM^ X emjT,e K by , ,imC ° f SCCOnd " y ™ ~ ~ py 

(ToF-SIMS), X-ray photoelectron spectroscopy (XPS), proton and »jr 

"nfr red ZrT T"* (NMR), Fourier transform 

.nfrared (FTIR) spectroscopy, eiectrospray ionization time of flight mass 

LC^S thermal decomposition with analysis by gas chromatography 
(GC). and mass spectroscopy (MS), and elemental analysis 

rew/wl alk3,inC Carlh hyd " deS rCaCt Vi0,ent, y wi '" Wter to 

release hydrogen gas which subsequently ignites due to the exothermic 
reaction with water. Typical.y metal hydrides decompose upon ZZ g 

a temperature well be.ow the melting point of the parent metal These 
saline hydrides, so called because of their saltlike or ionic character «T 
the monohydrides of the alkali metals and the dihydrid of Z ka c 
eart metals. Mi„s predicts a hydrogen-type mo.ccu.c having a first 
binding energy of about 

Binding Energy = e V { 0 j } 

[p) 

Dihydrino molecules may be produced by the thermal 
decomposition of hydrino hydride ions. /r(./ 2 ) raay be , C ss reactive and 
more thermaUy stable than ordinary potassium hydride, but may react to 
orm a hydrogen-type molecule. Potassium iodo hydride KH { m)l may be 
heated to release dihydrino by thermal decomposition 

2mu2 V ^ H ^^ 2KI (92) 

where 2, is the internuclear distance and „. is the Bohr radius (R. Mills 

e , Cf t U *: fied Theor y * a ^ical Quantum Mechanics. January 1999 
Ed.tion. BlackLight Power. ,„c. Cranbury. New Jersey. Distributed by 
Amazon.com}. The possibility of releasing dihydrino by thermaUy 
decomposing potassium iodo hydride with identification by K as 
chromatography was explored. 

The first ionization energy. //>,. of tl)e dihvdrino moIecu , e 
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4 C "^H (2C ' = ^ + <~ (93) 
is IP l= 62eV ( P = 2 in Eq. (91)): whereas, the first ionization energy of 
ordinary molecular hydrogen, // 3 [ 2 c' = Jla.}. is 15.46 e V. Thus, the 
possibility of using mass spectroscopy to discriminate H J (2c 1 = V2«.j from 
^[2C = ^] on the basis of .he large difference between the ionization 
energies of the .wo species was explored. A novel high binding energy 
hydrogen molecule assigned .o dihydrino ^jW-^] was identified by 

the thermal decomposition of KHJ with analysis by gas chromatography 
and mass spectroscopy. 

The discovery of novel hydride ions with high binding energies has 
imphcations for a new field of hydride chemistry. These novel 
compositions of matter and associated technologies may have far- 
reaching applications in many industries including chemical, electronics 
computer, military, energy, and aerospace in the form of products such as 
bat.e„es. propellants, solid fuels, munitions, surface coatings, structural 
materials, and chemical processes. 



EXPERIMENTAL 
Synthesis 

Potassium iodo hydride was prepared in a stainless steel gas cell 
shown in FIGURE 104 comprising a Ti screen hydrogen dissociator 
(Belleville Wire Cloth Co., Inc.). potassium metal catalyst (Aldrich 
Chemical Company), and Kl (Aldrich Chemical Company 99 9 %) as the 
reactant. The 304-stainless steel cell 301 was in the form of a tube 
havmg an internal cavity 317 of 359 millimeters in length and 73 
millimeters in diameter. The top end of the cell was welded to a high 
vacuum 4 5/8 inch bored through conflat flange 318. The mating blank 
confiat flange 319 contained a single coaxial hole in which was welded a 
3/8 inch dimeter stainless steel tube 302 that was 100 cm in length and 
contained an inner coaxial tube of 1/8 inch diameter. A silver plated 
copper gasket was placed between the two flanges. The two flanges are 
held together with 10 circumferential bolts. The bottom of the 3/8 inch 
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tube 302 was flush with the bottom surface of the top flange 319 The 
outer tube 302 served as a vacuum line from the cell and the inner tube 
served as a hydrogen or helium supply line to the cell. The cell 301 was 
surrounded by four healers 303, 304, 305, and 306. Concentric to the 
5 heaters was high temperature insulation (AL 30 Zircar) 307. Each of the 
four heaters were individually thermostatically controlled. 

The cylindrical wall of the cell 301 was lined with two layers of Ti 
screen 308 totaling 150 grams. 75 grams of crystalline Ki 309 was 
poured into the cell 301. About 0.5 grams of potassium metal was added 

1 0 to the cell under an argon atmosphere. The cell 301 was then 

continuously evacuated with a high vacuum turbo pump 310 to reach 50 
milhtorr measured by a pressure gauge (Varian Convector, Pirrani type) 
312. The cell was heated by supplying power to the heaters 303. 304, 
305, and 306. The heater power of the largest heater 305 was measured 
15 using a wattmeter (Clarke -Hess model 259). The temperature of the cell 
was measured with a type K thermocouple (Omega). The cell 
temperature was then slowly increased over 2 hours to 300 °C using the 
heaters that were controlled by a type 97000 controller. The power to 
the largest heater 305 and the cell temperature and pressure were 

2 0 continuously recorded by a DAS. The vacuum pomp valve 311 was 

closed. Hydrogen was supplied from tank 316 through regulator 315 to 
the valve 314. Hydrogen was slowly added to maintain a pressure within 
the range of 1000 torr to 1500 lorr by opening valve 313. The 
temperature of the cell was then slowly increased to 650 °C over 5 hours 

2 5 The hydrogen valve 313 was closed except to maintain the pressure at 

1500 torr. After 24 hours, the temperature of the cell 301 was reduced 
to 400 X at a rate of 15 °C/hr. The hydrogen tank 316 was replaced by a 
helium tank. Helium which was flowed through the inner supply line 
302 to the cell while a vacuum was pulled on the outer vacuum line 302 

3 0 to remove volatilized potassium metal at 400 °C. The cell was then cooled 

and opened. About 75 grams of blue crystals were observed to have 
formed in the bottom of the cell. 

ToP-SlM5 ? Characterization 
3 5 The crystalline samples were sprinkled onto the surface of a 

double-sided adhesive tape and characterized using a Physical Electronics 
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TFS-2000 ToF-SlMS instrument. The primary ion gun utilized a »Ga' 
hqu.d metal source. I„ order to remove surface contaminants and expose 
a fresh surface, the samples were sputter cleaned for 30 seconds using a 
4 0„ w X40vm raster. The aperture setting was 3, and the ion current 
was 600 P A resulting in a total ion dose of 10" ions/cm'. 

During acquisition, the ion gun was operated using a bunched (pulse 
width 4 ns bunched to I ns) 15 kV beam [Microsc. Microanal 
Micros.mct., Vol. 3, !. (1992); For recent specifications see PHI Trift II 
ToF-SIMS Technical Brochure, Eden Prairie, MN 55344]. The total ion 
dose was 10" ions/cm 1 . Charge neutralization was active, and the post 

7i£Tn7*T was , 800 ?> v - Threc different rcgion$ on each sa -p jc 

of (n m ) . (igprn) , and (25 M »,) , .were analyzed. The positive and negative 
SIMS spectra were acquired. Representative post sputtering data is 
reported. 

XPS C haracteriTat jpn 

A series of XPS analyses were made on the crystalline samples 
using a Scienta 300 XPS Spectrometer. The fixed analyzer transmission 
mode and the sweep acquisition mode were used. The step energy in the 
survey scan was 0.5 eV. and the step energy in the high resolution scan 
was 0.15 eV. In the survey scan, the time per step was 0.4 seconds and 
the number of sweeps was 4. In the high resolution scan, the time per 
step was 0.3 seconds, and the number of sweeps was 30. C is at 284.5 eV 
was used as the internal standard. 

NMR S pectrosc opy 

'« MAS NMR was performed on the blue crystals. The data were 
recorded on a Brukcr DSX-400 spectrometer at 400.13 MHz. Samples 
were packed in zirconia rotors and sealed with airtight O-ring caps under 
an mert atmosphere. The MAS frequency was 4.5 kHz. During data 
acquisit.on. the sweep width was 60.06 kHz; the dwell time was 8 325^sec 
and the acquisition time was 0.03415 sec/scan. The number of scans was' 
typically 32 or 64. Chemical shifts were referenced to external 
tetramethylsilane (TMS). The reference comprised KH (Aldrich Chemical 
Company 99%). 
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J MAS NMR was performed on .he blue crystals. The data were 
recprded on a Bruker DSX-400 sp ec,ro me ,er a, ,8.67 MHz. SampU were 
packed m z.rcoma rolors and sca)ed whh J « •» 

inert atmosphere. The MAS frequency was 4.5 kHz. faring data 
5 acqu.smon. the sweep width was 125 kHz; the dwell time L 40„sec 
and the acquisition time was 0.0,643 sec/scan. The number of scans was 
96. Chermca, sh.fts were referenced to external KBr (Aldrich Chemio, 

T^TrT COmpHSed " (A, * ich Chemical Company 
^ WJ9%) and KH (Aldnch Chemical Company 99%). 

FTIR Sp^tfwnpy 

analyze^™ " " ^ tt ~" ,, «*« S « b — -d 

analyzed by FTIR spectroscopy using a Nicolet Magna 550 FTJR 

1 5 lloTTL T 3 NICP,an mR miCr ° SCOpC - The " urab - of scans was 

A drv a C SamP ' e baCker0U " d - TbC 8 000 cm ■ 

A dry air purge was applied. * 

Rlectrosprav-lonivation - Ti mr- Of FJj , ht M , . ^ mm^^^mjQm^ 

2 0 , H 3S ° bUined °" 3 Mari "^ll^^ 

2 0 standard clectrosprav interface Th^ „ m i 

«:vrin«» • • .- »wenace. The samples were submitted via a 

tynnge mjecUon system (250^/) wi,h a flow rate of 5.0 /tf/min The 
solvent was water/ethano, (1:1). A rcfcrence ^ ( 
Chemical Company 99.99%). 1 

Reverse phase partition chromatography was performed with a PF 

r x , 5 A o p, x 3 ? Lc rr sys,em - , Thc co,umn ~ ■ lc s! co 1. 50 

tm. ,50 X 2 mm (Columbus 100 A Serial #207679). 3, | mg of blue 

3 0 HP, S r $ T d ! SS ° ,Ved " 62 m] S ° 1Venl ° f 90% HPLC ™<* and ,0% 

H ^.W.ogivo.c^onofS.nj/.nl. The sample was 
eluted usmg a grad.em technique wi,h the eluents of a solution A (water 
+ 5 mM ammonium acetate + ,% formic acid) and a solution B 
acejonitrtle/water (90/10) + 5 mM ammonium acetate + 0.1% formic 
acid}. Thc gradient profile was- 

1 c 
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Time (min.): 0 3 18 27 28 30 
** 100 '00 0 0 100 Stop 

m 0 0 .100 100 0 Stop 

The flow rate was 1 ml/min. The injection volu mc was , The pump 
pressure was 110 PS1. V P 

A turbo elcctrospray ionization (ESI) and triple-quadrapole mass 
spectrometer was used. The turbo ESI converts the mobile phase To a 
fine mm of ,o„s. These ions are then separated according to ma ss in a 
quadrapole radio frequency electric field. LC/MS provides inform don 
compnstng 1.) the solute polarity based on the retention time 2) 
quant.tative information comprising the concentration based on the 
chromatogram peak area, and 3.) compound identification based on the 
mass spectrum or mass to charge ratio of a peak. The mass spectroscopy 
mode was posmve. The selected ion mass to charge ratios (SIM) wT 
nVe = 39.0, 204.S. 370.6. 536.8, and 702.6. The dtel, time was Z l, 
and the pause was 2 ms. The turbo gas was 8 L/min (25 PS1) 

The controls comprised KJ (Aldrich Chemical Company 99.99%) and 
sample solvent alone. J 0 

Element al Analy st 

Elemental analysis was performed by Galbraith Laboratories. Inc 

usLTl 'J^ P ° taSSiUra de,ermined by InduC,ivc, y C ^ Plasma 
«s,ng an 1CP Opttma 3000. Iodide was determined volumetrically by 

jodometnc titration with thiosulfate. The hydrogen was determined by a 

Perktn-EImer Elemental Analyzer (#240) using ASTM D-5291 method 

wheretn the sample was combusted in a tube furnace at 950 "C and the 

Z1T- meaSUrCd ^ 3 ,bCrmal COnduc,ivjt y The sample was 

handled in an inert atmosphere. 

The gas cell sample comprised deep blue crystals that changed to 
whue crystals upon exposure to air over about a two week period 8 0.5 
grams of the sample was p.aced in a thermal decomposition reactor 
under an argon atmosphere. The reactor comprised a 1/4" OD by 3" lone 
quartz tube that was sealed a, one end and eonnected at the open end 
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with Swagelock™ fittings to a T. One end of the T was connected to a 
needle valve and a Welch Duo Seal model 1402 mechanical vacuum 
pump. The other end was. attached to a septum port. The apparatus was 
evacuated to between 25 and 50 millitorr. The needle valve was closed 

5 to form a gas tight reactor. The sample was heated in the evacuated 
quartz chamber containing the sample with an external Nichrome wire 
heater using a Variac transformer. The sample was heated to above 600 
°C by varying the transformer voltage supplied to the Nichrome heater 
until the sample melted and the blue color disappeared. Gas released 

10 from the sample was collected with a 500 jit gas tight syringe through the 
septum port and immediately injected into the gas chromalograph. The 
reactor was cooled to room temperature, and a mixture of white and 
orange crystalline solid remained. 

Gas samples were analyzed with a Hewlett Packard 5890 Series II 

1 5 gas chromatograph equipped with a thermal conductivity detector and a 

60 meter, 0.32 mm ID fused silica Rt-AIumina capillary PLOT column 
(Rcslek, Bellefontc, PA). The column was conditioned at 200° C for 18-72 
hours before each scries of runs. Samples were run at -196° C using Ne 
as the carrier gas. The 60 meter column was run with the carrier gas at 

2 0 3.4 psi with the following flow rates: carrier - 2.0 ml/min, auxiliary - 3.4 

ml/min, and reference - 3.5 ml/min, for a total flow rate of 8.9 ml/min. 
The split rate was 10.0 ml/min. 

The control hydrogen gas was ultrahigh purity (MG Industries). 
Control Kl (Aldrich Chemical Company ACS grade, 99+%,) was also treated 

2 5 by the same method as the blue crystals. 

Thermal Dec omposition with Analysis by Mass Spectroscopy 

Mass spectroscopy was performed on the gases released from the 
thermal decomposition of the blue crystals. One end of a 4 mm ID fritted 

3 0 capillary tube containing about 5 mg of sample was sealed with a 0.25 in. 

Swagelock union and plug (Swagelock Co., Solon* OH). The other end was 
connected directly to the sampling port of a Dycor System 1000 
Quadrapole Mass Spectrometer (Mode! D200MP, Ametck, Inc., Pittsburgh. 
PA with a HOVAC Dri-2 Turbo 60 Vacuum System). The capillary was 
3 5 heated with a Nichrome wire heater wrapped around the capillary. The 
mass spectrum was obtained at the ionization energy of 70 eV and 30 cV 
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at different sample temperatures in the region m/<? = 0-50. With the 
detection of hydrogen indicated by a m/<r=2 peak, the intensity as a. 
function of time for masses /»/* = I, m / e = 2, ra/e = 4 and mU^S was 
obtained while changing the ionization potential (IP) of the mass 
5 spectrometer from 30 eV to 70 cV. 

The control hydrogen gas was ultrahigh purity (MG Industries). 

RESULTS AND DISCUSSION 
ToF-SIMS 

I 0 The positive ToF-SIMS spectrum obtained from the blue crystals is 

shown in FIGURE 105. The positive ion spectrum of the blue crystals and 
that of the Kl control are dominated by the K* ion. The comparison of 
the positive ToF-SIMS spectrum of the Kl control with the blue crystals 
demonstrates that the »K* peak of the blue crystals may saturate the 

1 5 detector and give rise to a peak that is atypical of the natural abundance 

of 4 7C. The natural abundance of 4 *K is 6.7%; whereas, the observed 4t K 
abundance from the blue crystals is 73%. The high resolution mass 
assignment of the m! z = 4\ peak of the blue crystals was consistent with 
4l tf, and no peak was observed at m/ z = 42.98 ruling out «KH;. Moreover, 

2 0 the natural abundance of * l K was observed in the positive ToF-SIMS 

spectra of KUCO^ KNO Jt and Kl standards that were obtained with an ion 
current such that the "K peak intensity was an order of magnitude 
higher than that given for the blue crystals. The saturation of the »K 
peak of the positive ToF-SIMS spectrum by the blue crystals is indicative 
2 5 of a unique crystalline matrix [Practical Surface Analysis, 2nd Edition, 
Volume 2, Ion and Neutral Spectroscopy, D. Briggs, M. P. Seah (Editors), 
Wiley & Sons, New York, (1992)]. 

A K u ion was only observed in the positive ion spectrum of the 
blue crystals. Ga* m/z = 69, m/z = 78, K{KCl) 4 m/z = (l!3), /* m/t-127, 
KV and a series of positive ions K\Kl]\ m/z= (39+166*) are also 

observed. 

The negative ion ToF-SIMS of the blue crystals shown in FIGURE 
106 was dominated by //" and r peaks of about equal intensity. Iodide 
alone dominated the negative ion ToF-SIMS of the Kl control. For both, 
35 O- mlt- 16, OH* /n/* = l7. CI' m/z = 35, Kl' m/^166, a scries of negative 
ions [{Kll m/*-(127 + l66/j) are also observed. 
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XPS 

A survey spectrum was obtained over the region E b =OeV\o 1200 eV. 
The primary element peaks allowed for the determination of all of the 
5 elements present in the blue crystals and the control KL The survey 
spectrum also detected shifts in the binding energies of the elements 
which had implications to the identity of the compound containing the 
elements. 

The XPS survey scan of the blue crystals is shown in FIGURE. 107. 

10 C \s at 284.5 eV was used as the internal standard for the blue crystals 
and the control KL The major species present in the blue crystals and 
the control are potassium and iodide. Trace small amounts of carbonate 
carbon and oxygen were also identified in the blue crystals. The K 3p 
and K3s peaks of the blue crystals were shifted relative to those of the 

15 control KI. The K3p and K 3s of the blue crystals occurred at 17 eV and 
33 eV, respectively. The K3p and K3s of the control KI occurred at 17.5 
eV and 33.5 cV, respectively. Hydrogen is the only element which does 
not have primary element peaks; thus, it is the only candidate to produce 
the shifted peaks. 

2 0 No elements were present in the survey scan which could be 

assigned to peaks in the low binding energy region with the exception of 
the K3p and K 3s peaks at 17 eV and 33 eV, respectively, the O 2s at 23 
eV, and the / 5*, I Ad^ and / Ad yn peaks at 12.7 eV, 51 eV, and 53 eV, 
respectively. Accordingly, any other peaks in this region must be due to 

2 5 novel species. The 0-100 eV binding energy region of a high resolution 

XPS spectrum of the blue crystals is shown in FIGURE 108. The 0-100 cV 
binding energy region of a high resolution XPS spectrum of the control KI 
is shown in FIGURE 109. The XPS spectrum of the blue crystals differs 
from that of KI by having additional features at 9.1 eV and 11.1 eV. The 

3 0 XPS peaks centered at 9.0 eV and 11. 1 eV that do not correspond to any 

other primary element peaks may correspond to the 

= 1/4) E h = \ 1.2 tV hydride ion predicted by Mills (R. Mills, The Grand 
Unified Theory of Classical Quantum Mechanics. January 1999 Edition, 
BlackLight Power, Inc., Cranbury, New Jersey, Distributed by 
3 5 Amazon.com) (Eq. (89)) in two different chemical environments where E h 
is the predicted vacuum binding energy. In this case, the reaction to 
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form //-(«= 1/4) is given by Eqs. (82-84) and Eq. (88). The hydride ion 
H-(/. = 172) E, = i.05eV may also be present in the XPS or the blue crystals 
under the valance peak at about 3.5 eV. The reaction to form //(;, = 1/2) 
is given by Eqs. (85-87) and Eq. (88). Studies to remove iodide followed 
5 by XPS are in progress. 

NMR 

The '// MAS NMR spectra of the control KH and the blue crystals 
relative to external tetramethylsilane (TMS) are shown in FIGURE 110 

10 and FIGURE 111. respectively. Three distinguishable resonances at 3.65. 
0.13 and -0.26 ppm, respectively, were found in the NMR of KH . The 
broad 3.65 ppm peak of KH is assigned to KOH formed from air exposure 
during sample handling. The peaks at 0.13 and -0.26 ppm arc assigned 
to hydride H in different chemical environments. 

15 Three distinguishable resonances at 0.081, -0.376 and -1.209 ppm. 

respectively, were found in the NMR of the blue crystals. A fourth very' 
broad resonance may be present at -2.5 ppm. The peaks at 0.081 and 
-0.376 ppm are within the range of KH and may be ordinary hydride H 
in two different chemical environments that are distinct from those of 

2 0 the control KH . The resonances at -1.209 ppm and possibly at -2.5 ppm 
may be due to novel hydride ions. 

The color of the blue crystals was found to change to white over 2 
weeks of exposure to air. The color- fade rate was greatly increased upon 
grinding the blue crystal into a fine powder. A dynamic 7/ NMR study 

2 5 following the possible oxidation or hydrolysis of the blue crystals when 

exposed to air is shown in FIGURES 112-115. The 'H MAS NMR spectra 
from ground blue crystals relative to external tetramethylsilane (TMS) 
following air exposure times of 1 minute. 20 minutes, 40 minutes, and 60 
minutes are shown in FIGURES 112-115. Downfield Vf resonances shifted 

3 0 gradually to 3.861 and 4.444 ppm and then to 5.789. Upfield resonances 

shifted to 1.157 ppm. as the exposure to air was prolonged and the blue 
color concomitantly faded to white. The peak at 5.789 may be do to H of 
KOH in a chemical environment that is different from that of KOH 
rormed by air exposure of KH. Since the downfield shift of the peak at 
3 5 5.789 is substantially different from that observed for the control KH , 

3.65 ppm. it may be due to KOH or a compound comprising KOH wherein 
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H is increased binding energy hydrogen. The resonance ai 1 .157 
comprises at least two peaks, one of which has a very broad upficld 
feature. These peaks may be novel hydride ions which are stable in air. 
fn this case the chemical environment is different from that of the blue 
5 crystals which showed potential novel hydride peaks at -1.209 ppm and 
possibly at -2.5 ppm. These observations strongly suggest that the H 
species in the blue crystals are new hydride species and may be 
responsible for the blue color. Decoupling studies are in progress to 
resolve the broad features of the blue crystal spectrum. 
10 The "K MAS NMR spectra of KIi y Kl y and the blue crystals each 

showed a single resonance at 64.56, 52.71, and 53.32 ppm respectively. 
It is clear that the K local structure in the blue crystals resembles that in 
KI. 

15 FTIR 

The FTIR spectra of KI (99.99%) was compared with that of the 
blue crystals. The FTIR spectra (45- 3800 cm' 1 ) of KI is given by Nyquist 
and Kagel [R. A. Nyquist and R. O. Kagel, Infrared Spectra of Inorganic 
Compounds. Academic Press. New York, (1971), pp. 464-465). The FTIR 
2 0 spectra (500 - 4000 cm ') of the blue crystals is shown in FIGURE 116. 
There are no vibrational bands in the 800- 4000 cm'' region that can 
usually be assigned to covalent bondings. This eliminates the possibility 
of HI molecule embedded in KI crystals, since the H I stretching mode is 
not observed at -2309cm- 1 . The FTIR spectra (500- 1500 cm"') of the blue 

2 5 crystals is shown in FIGURE 117. Several bands shown in FIGURE 117 

such as 682,712, 730 cm" 1 are found in the region assignable to ionic 
bonding or deformation vibration. The K-H vibrational band may be 
expected in this region. These bands are not present in pure KI. This 
implies that the compound of the blue crystals is ionic-like and contains 

3 0 different species from KI. 

esitofms 

The positive ion ESITOFMS spectrum of the blue crystals and that of 
the KI control are dominated by the K* ion. A series of positive ions 
3 5 K\KlY n ml * = (39-H66/j) were also observed. In addition, KHV was only 
observed from the blue crystals. 
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LC/MS 

No chromatographic. peaks were observed of the Selected Ion 
Monitoring LC/MS analysis of Kl control and sample solvent alone 
5 control. ^ 

FIGURE 118 is the results of the Selected Ion Monitoring LC/MS 
analysis of the blue crystals wherein the mass spectrum comprised the 
mtz = 204.6 ion signal. A chromatographic peak was observed at 
RT= 22.45 min. which corresponds to a nonpolar compound which gives 

1 0 rise to a K(Kiy mass fragment. The LC peak shown in FIGURE 118 at 

*T=2.2I min. that comes out with the solvent front after injection 
corresponds to Kl that gives rise to mass fragments AT* and K{Kl)], 

FIGURE 119 is the results of the Selected fon Monitoring LC/MS 
analysis of the blue crystals wherein the mass spectrum comprised the 
15 m/z = 307.6 ion signal. Chromatographic peaks were observed at 
RT^MA2 min. and AT « 2138 min. which correspond to a nonpolar 
compounds having the K{Kl)\ mass spectrum fragment. The LC peak 
shown in FIGURE 119 at RT = 2.2l min. that comes out with the solvent 
front after injection corresponds to Kl that gives rise to mass fragments 

2 0 K f and K(Kl)\. 

The LC/MS data indicated that the blue crystal comprises a novel 
compound KH1 which may contain two different hydride ions which gives 
rise to different mass fragmentation patterns. One KHl compound with a 
retention lime of RT= 11.42 nun. may give rise to a K(Kl)\ mass fragment. 

2 5 Whereas, a second KH! compound with a retention of about #7 = 23 min 

may give rise to a K(Kiy and a K(Kl)] mass fragment. 

Gas Chromatoprnphy 

The gas chromatograph of the normal hydrogen gave the retention 

3 0 time for para hydrogen and ortho hydrogen as 22 minutes and 24 

minutes, respectively. Control Kl and Kl exposed to 500 mtorr of 
hydrogen at 600 °C in the stainless steel reactor for 48 hours showed no 
hydrogen release upon heating to above 600 °C with complete melting of 
the crystals. Dihydrino or hydrogen was released when the blue crystals 
3 5 were heated to above 600 °C with melting which coincided with the loss 
of the dark blue color of these crystals. The gas chromatograph of the 
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dmydrmo or hydrogen released from the blue crystals when the sample 
was heated to above 600 °C with melting is shown in FIGURE 120. In 
previous studies [R. Mills. "NOVEL HYDRIDE COMPOUNDS" PCT 
US98/14029 filed on July 7. 1998]. i, was found that hydrogen must be 
present with dihydrino j^.-i ;W .^J lo iden{ify (he , aUcr ^ ^ 

migration times are close. But. these results confirm that the blue 
crystals are a hydride. 

Mass Spectroscopy 

The dihydrino was identified by mass spectroscopy as a species 
with a mass to charge ratio of two (mte=2) that has a higher ionization 
potential than that of normal hydrogen by recording the ion current as a 
function of the electron gun energy. The intensity as a function of time 
for masses »/« = i, m /e = 2, and w /< = 3 obtained while changing the 
.onjzation potential (IP) of the mass spectrometer from 30 eV to 70 eV is 
shown for gas released from thermal decomposition of the blue crystals 
and ulirapure hydrogen in FIGURE 121 and FIGURE 122. respectively. 
Upon increasing the ionization potential from 30 eV to 70 eV, typically 
the mU = 2 ion current for the blue crystal sample increased by a factor 

2 0 of about 1000. Under the same pressure conditions, the m/« = 2 ion 

current for the ultrapure hydrogen increased by a factor of less than 2. 

The mass spectra (m/< = 0-50) of the gases released from the 
thermal decomposition of the blue crystals at an ionization potential of 30 
eV and 70 eV were recorded. As the ionization energy was increased 
25 from 30 eV to 70 eV a and a m/ f = 5 peak were observed that was 

assigned to //;(l/2) and W/(l/2).. respectively. No helium was observed by 
gas chromatography as given above in gas chromatography section. The 
peaks serve as a signatures for the presence of dihydrino molecules. 

3 0 Elemental Analysis 

The quantitative elemental analysis shows that the blue crystal 
consists of 0.5 wt% H. 22.58 wt% K and 75.40 wt% I. or in equivalent 
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DISCUSSION 

The elemental analysis and the positive and negative ToF-SIMS 
results of the blue crystals are consistent with the proposed structure 
KM. The NMR data and the XPS data indicate that two form forms of 
5 hydride were observed. The compounds Kl and KH are known wherein 
the potassium ion is in a +1 state. The structure KM is unknown and 
extraordinary. The implied valance of potassium is 2+. A K u peak was 
observed in the positive ToF-SIMS which supports 2+ as the valance 
state. High resolution solids probe magnetic sector mass spectroscopy is 
10 in progress to confirm this state. The preliminary results are positive. 

Another unusual feature of the blue crystals is its intense dark blue 
color. Potassium metal my be embedded in Kl crystals, in which 
potassium metal ionizes into k* and a free electron. This capped free 
electron may give rise to blue color of the crystals. Therefore, a liquid 

1 5 ammonia solvation experiment was designed to test if there is any K 

metal entrapped in the crystals. Alkali metals are readily soluble in 
liquid ammonia to give bright blue solutions. In such solutions, the alkali 
metal ionizes to give a cation AT and a quasi-free electron. The free 
electron is distributed over a cavity in the solvent of radius 300-340 pm 

2 0 formed by displacement of 2-3 AW, molecules. This species has a broad 

absorption band extending into the infrared with a maximum of -J500mn. 
It is the short wavelength tail of this band which gives rise to the deep- 
blue color of the solution. 

The blue crystals were dissolved in liquid ammonia. However, the 

2 5 solvation of the blue crystals in liquid ammonia did not produce a blue 

colored solution. Instead, the blue crystals dissolved with the solution 
remaining clear. White crystals were recovered after the evaporation of 
the ammonia. This experiment eliminates the possibility of K metal as 
color center in the blue crystals. 

3 0 Potassium metal reacts slowly with ethanol to release hydrogen gas. 

The blue crystals were dissolved in anhydrous ethanol. No gas evolved, 
and the solution remained clear. This result indicates that the blue color 
of the crystals may not be due to an impurity, e.g.. color center, such as K 
metal in Kl crystal, since no hydrogen gas was produced. This 
3 5 experiment also eliminates the possibility of K metal as color center in 
the blue crystals. 



WO 00/07932 



PCT/US99/I7171 



12 1 



whcrcn large amounts of uniform crystals can be prepared The blue 
color may e due to .he ,07,,, continuum of W( J 2) [ % ^ £ g 

resu/edT 3 ! r mP r'K 0n K Wi ' h * ^ « * h ^en-,ype molecule 
e ulted ,n the loss of the blue color. Thus, the blue color is dependent on 

t rr 0 v H ot Km - The presencc vt — *-<■»> «■ 

by the thermal decomposition with the identification of a hydrogen-type 
molecule assigned to with an ionization potentia. of 62 ,V (Eq. 

(92)). Emission .spectroscopy with excitation by a plasma source is in 
progress to determine the presence of //"(./ 2) emission 

When ,he blue crystals were pulverized or exposed to air for a 
prolong penod of the order of two weeks the blue faded and white 
crystals remained. Investigations of the air reaction products are i„ 
progress prel.minary data indicates that the product is a hydride 
co„ t a,ning carbon dioxide, oxygen, and water derived species For 
cxarnp e. the positive ToF-SlMS of the air exposed crystals contained 
three new series of positive ions: {K\KHKHCOj m , z = (39 + I40„) 
K,OH[KH KHC 0i l m / Z = <95 + 140n), and K^KH KHCO^ mn^XAOn)) 

rZHw T T CSP ° nd '° in ° rganic CJus,ers containing novel hydride 
combtnattons (,,. KHKHCO, units p lus other positive fragments)" £ 

neganve ion spectrum was dominated by a and Oir peaks as well as r 
and / peaks. A mar peak was present only in the negative spectrum 
« exposed blue crystals and not in the spectrum of air exposed B 

CONCLUSION 

The ToF-SlMS. XPS, NMR. FTIR, ES1TOFMS, LC/MS, thermal 
decomposrt.on with analysis by GC. and MS, and elemental analysis 
results confirm the identification of KHI having hydride ion, Two forms 
of hydr.de ,o„ may be formed according ,0 Eos. (84). (87), and (88) which 

supported by the XPS, NMR, and LC/MS data. The thermal 
decomposition with mass spectroscopic analysis indicates that at leas, 
H 0/2) ,s present ,„ KW which may be responsible for the blue color 
The chemrca. structure and properties of this compound having a hydride 
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ion with a high binding energy ace indicative of a new field of hydride 
chemislry. The novel hydride ion may combine with other, cations such 
as other alkali cations and- alkaline earth, rare earth, and transition 
element cations. Numerous novel compounds may be synthesized with 
5 extraordinary properties relative to the corresponding compounds havi, 
ordinary hydride ions. These novel compounds may have a breath of 
applications. 
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CLAIMS 

t. A compound comprising 

(a) at least one neutra!, positive, or negative increased binding 
5 energy hydrogen species having a binding energy 

(i) greater than the binding energy of the corresponding 
ordinary hydrogen species, or 

(ij) greater than the binding energy of any hydrogen species 
for which the corresponding ordinary hydrogen species is unstable or is 
10 not observed because the ordinary hydrogen species 1 binding energy is 
less than thermal energies at ambient conditions, or is negative; and 

(b) at least one other element. 

2. A compound of claim 1 or 2 characterized in that the increased 
binding energy hydrogen species is selected from the group consisting of 
«„, W;, and HI where n is a positive integer, with the proviso that n is 
greater than I when H has a positive charge. 

3. A compound of claim 1 characterized in that the increased binding 
2 0 energy hydrogen species is selected from the group consisting of (a) 

hydride ion having a binding energy that is greater than the binding of 
ordinary hydride ion (about 0.8 eV) for P = 2 up to 23 in which the 
binding energy is represented by 



15 



30 



2 5 where p is an integer greater than one. s = 1/2, n is pi, h is Planck"s 
constant bar, ft, is the permeability of vacuum, m, is the mass of the 
electron, /i, is the reduced electron mass, a, is the Bohr radius, and t 
the elementary charge; (b) hydrogen atom having a binding energy 
greater than about 13.6 eV; (c) hydrogen molecule having a first binding 
energy greater than about 15.5 cV; and (d) molecular hydrogen ion 
having a binding energy greater than about 16.4 eV. 



e is 
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4. A compound of claim 3 characterized in that the increased binding 
energy hydrogen species is a hydride ion having a binding energy of. 
about 3.0, 6.6, 11.2, 16.7, 22.8, 29.3, 36.1, 42.8, 49.4, 55.5. 61.0. 65.6. 
69.2. 71.5. 72.4. 71.5, 68.8. 64.0, 56.8, 47.1, 34.6, 19.2, or 0.65 eV. 

5. A compound of claim 4 characterized in that the increased binding 
energy hydrogen species is a hydride ion having the binding energy: 



Binding Energy . *V* fr + l) . _ *Hs& 



2 2 



J J 



where p is an integer greater than one, s^\/2 1 n is pi, h is Planck's 
constant bar, n, is the permeability of vacuum, m, is the mass of the 
electron, Mt is the reduced electron mass, a. is the Bohr radius, and t is 
the elementary charge. 

6. A compound of claim I characterized in that the increased binding 
energy hydrogen species is selected from the group consisting of 



(a) a hydrogen atom having a binding energy of about 



where p is an integer, 



13,6 eV 

(iJ 



(b) an increased binding energy hydride ion («") having a binding 



energy of about «u^h 



where 



s= 1/2, tt is pi, h is Planck's constant bar, fi m is the permeability of 
vacuum, m 4 is the mass of the electron, », is the reduced electron mass, a 0 
is the Bohr radius, and e is the elementary charge; 

(c) an increased binding energy hydrogen species H* 4 (\/p); 

(d) an increased binding energy hydrogen species trihydrino 
molecular ion, H;(\fp), having a binding energy of about -?H- eV where p 

(?) 

is an integer, 
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\PJ 

(0 an increased binding energy hydrogen molecular ion with a 
binding energy of about -^4- eV. 



7. A compound of claim 6 characterized in that p is from 2 to 200. 

8. A compound of claim 1 which is greater than 50 atomic percent 
pure. 

9. A compound of claim 8 which is greater than 90 atomic percent 
pure. 

10. A compound of claim 9 which is greater than 98 atomic percent 
pure. 

11. A compound of claim 1 characterized in that said increased binding 
energy hydrogen species is negative. 

12. A compound of claim II comprising at least one cation. 

13. A compound of claim 12 characterized in that the cation is a proton, 



14. A compound of claim 1 characterized in that the other element is an 
ordinary hydrogen atom or an ordinary hydrogen molecule. 

15. A compound of claim 1 having a formula \KHJCCO\ characterized 
in that m and n are each an integer, the compound contains at least one 
//, and the hydrogen content //„, of the compound comprises at least one 
said increased binding energy hydrogen species. 
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16. A compound of claim I having a formula \KH m KNO y Y* fiX ' 
characterized in that m, m' ; n and n* are each an integer, X is a singly 
negative charged anion, the compound contains at least one //, and the 

5 hydrogen content H m of the compound comprises at least one said 
increased binding energy hydrogen species. 

17. A compound of claim 1 having a formula [KHKN0 3 \ characterized in 
that n is an integer, and the hydrogen content H of the compound 

10 comprises at least one said increased binding energy hydrogen species. 

18. A compound of claim 1 having a formula [KHKOH\ characterized in 
that n is an integer and the hydrogen content // of the compound 
comprises at least one said increased binding energy hydrogen species. 

19. A compound of claim 1 having a formula [MH M Af X) m characterized in 
that m and n are each an integer, M and M' are each an alkali or alkaline 
earth cation, X is a singly or doubly negative charged anion, the 
compound contains at least one H m and the hydrogen content H M of the 

2 0 compound comprises at least one said increased binding energy hydrogen 
species. 

20. A compound of claim 1 having a formula [MIl^M ri JT 
characterized in that m, m\ n, and n' are each an integer, M and M' are 

2 5 each an alkali or alkaline earth cation, X and X' are a singly or doubly 

negative charged anion, 4hc compound contains at least one. //, and the 
hydrogen content H n of the compound comprises at least one said 
increased binding energy hydrogen species. 

3 0 21. A compound of claim 1 having a formula [AOTJIf X* ri M"* 

characterized in that m, m\ n, and n' arc each an integer, M, M\ and M" 
are each an alkali or alkaline earth cation, X and X* are each a singly 
negative charged anion, the compound contains at least one //, and the 
hydrogen content H m of the compound comprises at least one increased 
3 5 binding energy hydrogen species. 
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22. A compound of claim I having a formula [MHj£* ri X~ characterized 
in thai m, m\ n, and n' arc each an integer, M is alkali or alkaline earth, 
organic, organometalic, inorganic, or ammonium cation, X is a singly or 

5 doubly negative charged anion, the compound contains at least one W, 
and the hydrogen content //„ of the compound comprises at least one 
increased binding energy hydrogen species. 

23. A compound of claim I having a formula \MHj£~ n'Af * 

1 0 characterized in that m, m\ n, and n* are each an integer, M and M' are an 
alkali or alkaline earth, organic, organometalic, inorganic, or ammonium 
cation, the compound contains at least one H y and the hydrogen content 
H„ of the compound comprises at least one increased binding energy 
hydrogen species. 

15 

24. A compound of claim 1 having a formula M(H n ) characterized in 
that n is an integer, M is other element such as any atom, molecule, or 
compound, and the hydrogen content (H t% ) m of the compound comprises at 
least one increased binding energy hydrogen species. 

20 

25. A compound of claim 1 having a formula W(// J0 )^ characterized in 

that n is an integer, M is an increased binding energy hydrogen 
compound, and the hydrogen content of the compound comprises at 

least one increased binding energy hydrogen species. 

25 

26. A compound of claim 1 having a formula AT(// l6 )~ characterized in 
that n is an integer, M is other element such as an alkali, organic, 
organometalic, inorganic, or ammonium cation, and the hydrogen content 

of the compound comprises at least one increased binding energy 
3 0 hydrogen species. 

27. A compound of claim 1 having a formula AT(tf 16 )^ characterized in 
that n is an integer, M is an increased binding energy hydrogen 
compound, and the hydrogen content of the compound comprises at 

3 5 least one increased binding energy hydrogen species. 
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28. A compound of claim 1 having a formula M(//,J n characterized in 

that n is an integer, M is other elcmeni such as any atom, molecule, or 
compound, and the hydrogen content [H ti ) m of the compound comprises at 

5 least one increased binding energy hydrogen species. 

29. A compound of claim 1 having a formula M(H i(t ) m characterized in 

that n is an integer, M is an increased binding energy hydrogen 
compound, and the hydrogen content of the compound comprises at 

1 0 least one increased binding energy hydrogen species. 

30. A compound of claim 1 having a formula M{H u ) n characterized in 

that n is an integer, M is other element such as any atom, molecule, or 
compound, and the hydrogen content (H 14 ) n of the compound comprises at 

1 5 least one increased binding energy hydrogen species. 

31. A compound of claim 1 having a formula hi[H 1A ) a characterized in 

that n is an integer, M is an increased binding energy hydrogen 
compound, and the hydrogen content of the compound comprises at 

2 0 least one increased binding energy hydrogen species. 

32. A compound of claim 1 having a formula M(H M ) r characterized in 

that n is an integer, M is other clement such as any atom, molecule, or 
compound, and the hydrogen content (lf M \ of the compound comprises at 

2 5 least one increased binding energy hydrogen species. 

33. A compound of claim \ having a formula M{H tQ ) n characterized in 

that n is an integer, M is an increased binding energy hydrogen 
compound, and the hydrogen content (//«) of the compound comprises at 

3 0 least one increased binding energy hydrogen species. 

34. A compound of claim 1 having a formula M(H n ) M characterized in 

that n is an integer, M is other element such as any atom, molecule, or 
compound, and the hydrogen content {H 10 ) m of the compound comprises at 

3 5 least one increased binding energy hydrogen species. 
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35. A compound of Cairn . having a formu.a characterized in 
•hat n » an integer, M is an increased binding energy hydroeen 
compound, and the hydroeen content (h \ J .u n y aro gen 

/"rogen content [H„l 0 r the compound comprises at 

5 leas, one increased binding energy hydrogen species. 

36. A compound of Cairn , having a ton** %)J'U(««K« 

n r a a r:ir e o d M ^ I' V" '* " " ^ "J. 

1 0 and th,T; ,S " ''r 6 ? SUCh 35 a,om « molec «'e, or compound 
1 0 and the hydrogen content < "J, ("J, (",).("„),(»»). of the compouX 

compnses a, least one increased binding energy hydrogen species. 

37. A compound of claim 1 having a formula ^J ^ ^ ^ 

1 5 noraM 6 "^ M ^ * ^ ' ^ M in,£ * C ' inC,ud ^ zero but " 

compnses at least one increased binding energy hydrogen species. 

20 M i, ifv mP °" nd °( C ' aim 1 havin ^ a f °™la characterized in that 

2 0 un positive, neutral, or negative and is selected from the lis, of H 

25 sr^ rs* ^ w 

WU. tf^K),. (M , 4 ^, ^ {Hn) NatOSiH H £ 

Na.KHH^, Si,H 9 (H, t ) 4 . Na ,HKH H m SOtL) (if ) SH (OH £ H 
*WK# M ) S . [SUA (H ) 
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X is other element, and the hydrogen content H of the compound 
comprises at least one increased binding energy hydrogen. 

39. A compound of claim I having a formula MX characterized in that 
5 hi is positive, neutral, or negative and is selected from the list of H i61 

W t4 // 2> H u H» t OH n * OH^ OH». MgU 2 H„ NaH,N» m H»H 7 0. CNhJcH^ 
**A"»6. SiH,{H H \, (H lb \ t Jf w , SW^, {5.7/J,//,,, SiH 4 (H i6 ) }> CH 10 , 

AW*. M/ 70 , NHH JOy OH». H 7 0H„ FH». HfiH^ SUi t N m9 Si(H„\li lit Si(H») 4 . 

SWiH^. SiH y (H„\, (SiH<) 2 [H„) 7 , 0>(H H \. StH 4 (H u ) 4 . NOH» 0 7 H„ 
1 0 HONH„ 0 2 H^ H t ONH„ N A H» S^H^ S/,// 6 {SiH 4 \H„ 
(SM<)M>. {OHn)H*Hn* {OH u ]H u H». Si,H l0 (H t6 ) 7t S^, Si,H u (H t$ ) v 
^W 7 (H I6 ) 4 , (SUi 4 \{H n \, (SiH<) 7 {H H ) 4 , NaOSiH 7 (H»\ % NaKH H n . Si 2 H,(H 70 ), 
SiyH 9 {H K } r Si>H w {H t6 ) y SiJi t {H„) r (SiH<) 4 H lb , iSiH 4 \(N n ) v Na 7 OSiH 7 (H„) 4 , 
W*) 4 . Na 3 KHH^ y h H 9 {H u \ 9 Na 7 HKH H» SO[H H \(H u ) 9 S!i 7 (OH n )H t$ H„ 9 

1 5 SO(H t6 ) v M Sl H 2 n M l^ {SmX{H») 7 > W,^), KHAH H \tt» 

x *tfi{H u \H nt K{OH v )H H H^ K 2 OH H 70 , NaKIIO.H^ NaOHNaO, H 10> HNO y 0 2 // ?0 , 
Rb(H„\ 9 Si,H n H» Km,(H H ) s , {SiH A ) 4 (H l6 \, KKH(H tl ) 7> Ji^ 

X is an increased binding energy hydrogen compound, and the hydrogen 

2 0 content H of the compound comprises at least one increased binding 

energy hydrogen. 

40. A compound of claim I having a formula M{ll x \ characterized in 
that n is an integer, x is an integer from 8 to 12, M is other element such 

2 5 as any atom, molecule, or compound, and the hydrogen content (H M ) of 

the compound comprises at least one increased binding energy hydrogen 
species. 

41. A compound of claim 1 having a formula M{H t \ characterized in 

3 0 that n is an integer, x is an integer from 8 to 12, M is an increased 

binding energy hydrogen compound, and the hydrogen content (H M ) a of 

the compound comprises at least one increased binding energy hydrogen 
species. 
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2 » isTLI! ° f c,a,m ' havins ■ ,0 ™* *— >- >■ 

mat n is an integer, x is an integer from 14 m ir m • i_ 

- an alkali, organic, orgahomc«a„c, ino g ani or \1 ^ ^ SUCh 

the hydrogen content (// r of iM ™ 1 ammoniun > cation, and 

. , 1 ° f thc com Po»w« comprises at least one 

-creased binding energy hydrogen species. 

43. A compound of claim 1 having a formula „-i„ r characleri7Pfl - 
«hat n is an integer, x is an integer from 14 to ,8 M " 

energy hydrogen compound, and ^ h'yd^en ~T , of 
-compound copses at least one increased omding energy 

44- A compound of Cairn 1 having a formula ^ 
«hat n » an integer, x is an integer from 14 to M u 

2 .ITT °' •'*"" 1 ' ft " muU "'"■>• >» 

that n is an integer, x is an integer from 1 4 to I ft iu • 

it. „trT° of c """ 1 havine a fo, ™" ia "'"■»• *— ■» 

«nat n is an integer, x is an integer from 22 to ™ m • u 
.^co^ „ raprises „ leas , one inc( „ sed bindjng ^ tA-_ 

47. A compound of din, , „„ ing . forn ,„, a „ ( ctanKleIlMd jn 
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48. A compound of Cairn 1 having a formula ^ characteri2ed .„ 
tnat n is an integer, x is an integer from SR r« mr - 

« any mo.ccule. or ^.^X" J^""??^ 

Z~ d comprises at ,easi ° nc -»y 

49. A compound of c.aim 1 having a formu.a characterized in 
that „ „ a „ i„ tcg er x is an intcger from 5g 

nd,ng energy hydrogen compound, and the hydrogen ZZ \ H ) of 
^compound comprises at Ieast one incrcased bindjng ^ ^ 

50. A compound of c.aim 1 having a formula ^ charac(cri2e(J |n 
inat n is an integer, * is an inteeer from ftft » A *7o \* • 

as any atom, molccu.e. or a^L^°£ ^ Z^f* 
^compound comprises at , east one increased bjnding ^ ^ 

51. A compound of claim 1 having a formula *(«-) characterized in 
that n ,s an integer, x is an integer from 68 to 72. M "is an increased 
bmdmg energy hydrogen compound, and the hydVo^en ZZTto) of 
the ^compound comprises a, leas, one increased binding energy hyVrogen 

52. A compound of claim , having a f o rmuIa *(„,)(„,) < H \ (h.) (h ) 
characterized in that the monomers may be arranged in any order., s 

Lm 8 U t ;T 2 ime8Cr indUdin6 ZCr ° ^ ^ 3 " ~* « * » nt ger 

from 8 to 12. x ,s an mteger from 14 to 18. y is an integer from 22 to 26 

y « an mteger from 58 to 62. z is an integer from 68 to 72. M is other 

£r ^.^i^Tiz compo r and ,hc hyd — 

^ ■),\''>)A» 1 :),(H?),{H t l of the compound comprises at least one 
increased binding energy hydrogen species. 
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»• A compos of ctei „ , „ av . ig a fo iTOia 

from 8 ,„ , 2 . is an ^ ^ *• « - « » - ^ 

biding energy hydrogen species. '"creased 

monomers may be arranged fa any 0rder , ™* ,he 

'nteger including zero but not all zero h 1 3rC Cach an 

H, and ,he hydrogen content H of ,i C ° mP ° Und C ° m3 ' nS " ' CaSt 0ne 

^ increased binding energT hylgen « ^ ~ 

:T;T r ln s td? C " ^ " a — - -er, , , 

■"organic, or * ^ 

3 charged anion, the compound C0 L 2 £\T? * 

content H of the compound comprise* *■ hydr ° gC " 

energy hydrogen ^ at One increased binding 

"WWKig, characterized in , hat , he monomers may be 
arranged ,„ any ordcr> n> „, « ™y be 

i 4. s, !, q , r , s , t , and u are each 
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0 



0 



a c e h g a " 2er °' * M ' M " 3fC each - -Ml 

M" is oihe ° rB v IC ' ° rSan0metaHc ' '"-^nic, or ammonium cation 

M « other Cement. X and X' are a singly or doubly negative charged 
amon, , he compound contains a, least one H. and the hydrogen co fc„ t H 

ittZL comprises a ' Ieast - ~ -T 01 

57. A compound of claim 1 having a formuJa 
i^UWAf »„1 [KH m KC 0) l \M.KNO$ nX^KHKNOA 

" HKl^UUW. characterized in that the monomers may be 

^ine earth organic, o_,- \ ^?££rj? 
Ll o IT n<lin8 CnCfgy hydr ° 8en C ° m '° Und - X and X- ' 

oTh JTY:" charged amon ' thc c <— nd ™— « " *, 

one H. and the hydrogen content H of the compound comprises at leas, 
one mcreased binding energy hydrogen species 

58 A compound of claim J having a formula 
W ""I l^/fC0 3 ]J rf-IJWjfAWil 

^cterized in that the monomers may be 
arranged in any order. „. < m , m . p , q> r> , ^ 

an mteger mcludmg zero but not all zero, * is an integer from 8 to 13 I 

Si 1 J i- an ,' meEer ff0m 68 t0 72 ' M < M - and M " each an 

tio M- h o h ' T' 0rSa " Omc ' aIic > or ammonium 

canon M ,s other element. X and X' are a singly or doubly negative 

Z ToT'the T C ° n,ainS M ~ a " d ' he Uen 
content H of the compound comprises a, least one increased binding 
energy hydrogen species. omaiog 
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59 A compound of claim | having a formula 

^IW^ — - i„ .J! mo l^L y be 
arranged in any order, n, n', m. m \ p. q, r , $ « q" r" «■ 9n/ i 
an integer including zcro bu , not ^Yi^ g C £ J • 
•s an mteger from 14 to 18, y is an integer fr0m 22 « 8 ° 12 ; x 

from 58 , 0 62. z is an integer from 68 to 72, M M nd M" a ' i ^ 

least one mcreased binding energy hydrogen species " 
60. A compound of claim 1 having a formula 

-•(^WMW. <«™d in that the monomers lay be 

arranged in any order, n, n\ m, m\ p . q r s i a' r < <• * nA 

an integer including 2C ro hut no, J X « L£'£ ?~ • 

from 58 to 62, z IS an mteger from 68 ,o 72. M, M' and M" are each a 
eWn s . a trans.don metal, inner transition metal. ti „, boro „ P „ \ rare 

~ X tT " a,kaH . 0r a,ka,inC ea " h ' -Banic. organomlc 

or doub * m<>n,l,m °"' M '" " °' her C,CmCnt - X «" *' -e a singly 

ad the h n ; gaUVe Char£ed aDi ° n - ,hC C ° mp0Und contai - " ^ast one H 

,nc J H k T n C ° mCm H ° f ,hC COn, P° Und c ° m P"«* a, least one 
•ncreased bmdmg energy hydrogen species 
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61. A compound of claim I having , formuIa 
W».UM*rH m UKH m KCO,l[KH a KNO,X ^[KHKNOA 

5 ^wwwm iD tbat ;L JLi, bc 

arranged in any order, n. n", m, m", p, q, r s i a' t - <■ , 
an i„,e 8 er inching zero bW « ^V^'^ J 
an from 14 '0 18, y is an integer from 22 to 26 v ! 

from 58 to 62, , is an integer from 68 ,o 72 M M and M " a 
10 such as silicon. alumi„ um , Group „, c ro 'iVA ' 

elements, a transuion metal, inner transition metal tin borJ „ 
earth, , aft thanide. an alfca.i or a)kal5nc earlh> ^ 
.norgamc, or ammoni„ m cation. M'" is an increased bind fngTn " ^ 
hydrogen compound, X and X' are a singly or doubly neg afiv c led 
72 ^T" C ° n,ainS 31 ,CaSt °" e »• 3nd « h ° hydrogen mem H 

SCSL~ at Ieast onc increascd — 

62 A compound of claim 1 having a formula chMzed .„ 

t hvl" mteger ' 30 ' n,e8Cr fr ° m 2X+2 l ° 2 is » and 
the hydrogen content H of the compound comprises at least one increased 
binding energy hydrogen species. increased 

2 5 !h' a COmP ° Und ° f C,8im 16 Charac *"** that said singly nc E ativ c 
2 5 charged anton ,s selected f rom the group consisting of halogen ions 

™„: on ' hydrogcn carbona,e ion - pnosphL, :: d - 



30 



35 



64 A compound of claim 19 characterized i„ tha , said singly negative 
char gcd „ sclected from ^ group ^ halogen ion 

nt:;e X, i:n. ,0n • Mr ° 8en Carb ° na,e i0n ' dihyd ^ e " P'-sphate. "nd 

chL* C ° mP0Und daim 20 CharactC "- d - 'ha, said sing.y negative 
charged an.on ,s selected from the group consisting of halogen ion. 
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5 ;rr^,^r r=rr in ai < -» -— 

Hydroxide ion, hydl0 . en °™ ' ' 8 " """ S "" E 0f " to «» 
nier,.c ion. ' n ' *Mroge. phospb.,,, „„„ 

hydroxide io„, M "en 1!, gr °"T sis '^ »' «»Sen io„. 
ni.rx.e i„„. 8 " b °"*" '° n ' "'Mrojer, ph„ S pha,e, ,„ d 

I 5 U Z„T:e,: , e,edto",„ ha ' aC,C ' iMd ** -I— 

Mroxide io,„ Mro^ ^"r^lrZ" ^ 
nitrate ion. "'jrurogen pliosphate, and 



25 
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30 79 



35 



nilra,c ion. * "*"""= "> n - "'W.ojo. phosp.aie. ood 

hydro.idc i„„ hyd( „ ™" "* 8 r P """'"^ »f Wosen .... 
ion. 8 1 " > ™' C ,0n ' dih ""«e=» Ptepha.c aod 

— , p,o SPh .,o, ,,d^:;:; rss.r.r- io - 
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ox.des, phosphates, hydrogen phospha.es. and sulfate ion 

oxtdes. phosphates, hydrogen phosphates, and sulfate ion ' 

ILei COmP0Und ,° f C ' aim 60 Ch " aCteri "<« *» 'hat said doubly negative 
charged amon , S selected from the group consisting of carbonate ion 
oxtdes. phosphates, hydrogen phosphates, and sulfate ion 

char J COroPOUnd ° f C ' aim 61 cha ' acte »*° * n ^at said doubly negative 
charged amon ts selected from the group consisting of carbonate ion 
oxtdes. phosphates, hydrogen phosphates, and sulfite ion 

85. A compound comprising 

ener Jt H le3S ' ^ nCU,raU ° r nC * ativc inc ™«° binding 

energy hydrogen species having a total energy 8 

nrH- k ? grCa,er ,han ,hC ,0taI ener ^ of thc corresponding 
ordinary hydrogen species, or 8 

which the colr a, H Cr than , ,hC 10131 Cner£y ° f any W'OS™ *P<*™ ^r 
which the correspondtng ordinary hydrogen species is unstable or is not 

observed because the ordinary hydrogen species' total energy is Jess than 

thermal energies at ambient conditions, or is negative; and 

(b) at least one other clement. 

isotopes me,h ° d ^ SCPara,i " 8 3 iSOt ° Pe fr ° m a mi * ,ure of 

reacting an increased binding energy hydrogen soecie* w i»h 
an tsotopic mixture comprising a mo lar excess of * ZT* 
resoect to ,hn in. . u- . a des,red isotope with 

coin * 77 m8 CnCfgy hydr °fi cn s P cci « '0 form a 

compound enriched in the desired isotope; 

from the rlT^ ""P 01 "" 1 '"'^ ln ,hc d ^ «°'°pe 

irom the reaction mixture; and 
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separating the increased binding en^rov 
from the desired iso , 0 pe t0 obtain the 

i 8 s 7 o,opcs: me ' h0d ° f SCPara,inE 3 iS ° r0pC from a of 

■ cn.ro h a reaC,i " 8 3 miX,UrC ° f iS0, ° peS Wi,h an inc «ascd binding 
energy hydrogen species, and "-""Qing 

removing sai d compound enriched i„ the undcsircd hotQpe 

88. The me.hod of claim 86 characterized in that the mixture of 
-topes comprises elements and/or compounds containing I isotopes. 

89. The method of chin, 87 characterized in tha, the mixture of 
-.opes comprises elements a„d /or compounds contain" T Scopes. 

90. A method of separating isotopes according ,o any of claims 86-89 
characterized in ,ha, the increased binding energy hyd^n ^ fs 
an .ncreascd binding energy hydride ion. P 

91. A method of separating isotopes according to claim 86 further 
ompnsmg the steps of repeating said steps of reactmg and s parlg 

until a des.red level or enrichment is obtained. 

92. A me.hod of separating isotopes according to claim 87 
characterized in that said increased binding energy hydrogen species is 

r s -d a u ~ :::; 0 ; h r thc — - — <° 4 

LmorV mC, !! 0d ° f SCPSra,infi ,SO, ° PeS aCCOrdin 8 to «*™ 92, further 
compnsing the steps of repeating said steps of reacting and remov L 
un„l a desired level of enrichment is obtained. 6 

94. A method of separating isotopes according to claim 87 

charactenzed in that said increased binding energy hydrogen species is 

Is" ric amount to f u „ y rea ct J th £ 

undcsircd isotope. 
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98- The hydrino atom of c.ai m , , ha , comprjse$ ctching ^ 

99. A method of forming ,he novel compounds of claim I 
comprising the steps of: m 1 

selecedToml " 8aSC ° US at »~» one 

selected from the group consisting of atoms of Li, Be, K Ca Ti 

V. Cr, Mn, Fe, Co, Ni, Cu. Zn As S<> kv ok c- *,! . ' 
Cs. Co, P, Sm, Cd, Dy. ^Jk ' ' ' & ' ^ ^ * * ^ 
providing gaseous hydrogen atoms- 

Z """ * EaSC °" S C " a " S,s « on. . 



101. A ™,h„d of cl.im ,00 of r ormi „ g „ ov<! , 
ch„*c,c„,.eo "•" «* — Of «•' » P0« ssi ™ 

102. A ,„e,hod of cl.ta 100 of f„, ming „„«, conlpoonds 
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103. A me.hod of claim 99 of forming novel compounds funhcr 

. T ° f aPP ' yi " 8 a " adjUS,ab,C elCC «" C - -agnetic 
field to control «hc rate of formation of hydrino. 

104. A me.hod for exacting energy f rom hydrogen atoms 
comprising the steps of: 

providing a gaseous catalyst comprising at least one 
selected from the group consisting of atoms of Li. Be, K, Ca Ti 

I: r "I"' I"' ^ Ni " C °' ^ AS ' SC ' & - Rb - *<> Nb. Mo. Pd. Sn. Tc, 
Cs, Ce, Pr, Sm. Gd, Dy. Pb. and Pi; 

providing gaseous hydrogen atoms; and 

reacting said gaseous catalyst with said gaseous hydrogen 
atoms, thereby releasing energy from said gaseous hydrogen 
atoms. J b 

at™ A H me,h ° d ° f C,3im CX,raC,ing Cner ^ from "Vdrogen 

tZ^ tZT ^ ' hat 3 gaSC ° US Ca,a ' yS,S C ° mpriSeS * >™ one 

o? c ,,r p cons,sting of a sourcc ° f a -« ° f 

106. A method of claim 105 for extracting energy from hydrogen 
atoms characterized in that rhe source of K* is potassium metal 

107. A method of claim 105 for extracting energy from hydrogen 
atoms characters in tha , the source of Kb* is rubidium metal 

108. A method of claim ,04 for exacting energy from hydrogen 
oms further comprising the step of applying an adjustable electric 

or magnetic field to control the rate of energy release. 

109. A cell for extracting energy from hydrogen atoms comprising- 

a reaction vessel; 

a source of gaseous hydrogen atoms; and 
a source of a gaseous catalyst comprising at least one 
selected from the group consisting of atoms of Li. Be K Ca Ti 



10 
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Cs C^Pr S C * C r^n ^ AS ' Rb ' S '- Nb " N. Sn Tc 

<~s. Ce, Pr, Sm, Gd, Dy, Pb, and Pt. ' 

and a source of H<\ ' 3 source of 

A cell fo, cxlracting cnergy from aioj 

a reaction vessel; "Fusing, 

a chamber communicating with said vessel said k 
hydrogen atoms; and 

vessel V?b ySt , rCSCrVOir C " icali »e said reaction 

25 resel; or H C ° nta ' nCd " Said rC3C,i ° n ^ -talvs, 
eas on " ^1 " ^ ™^ <™P<™B Z 

K Ca " v Tm r; hC 8f0UP C ° n$iS,ing ° f «°»« * Be, 

Pd L T r ' K CO ' Nl CU ' ZD ' AS ' Se ' Sr. Nb Mo 

W. Sn, Te, Cs, Cc, Pr. Sm. Gd. Dy. Pb . and Pt . 

30 charac^" £ J?V" f "-f ^ ^ atoms 

selected Zt h 8 CaU " yStS COmprises at one 

selected from the group consisting of a source of a" -> 

and a source of He'. K ' a SOUrce of 

35 ^:r:^T?isrjs--- 



20 
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117. A cell of claim 115 for extracting energy f rom hydrogen at0ms 
characenzed „ .ha, the source of »• U rubidium ^ ° 

118. A cell of claim ,,4 for extracting energy from hydrogen atoms 
further compnsmg an adjustable electric or magnetic field source 



WO 00/07932 



1/35 



PCT/US99/I717I 




2/35 



PCT7US99/I7J71 




WO 00/07932 



4/35 



PCT/US99/17I7I 




FIG. 4 



WO 00/07932 



5/35 



PCT/US99/I7J71 



IflOOR 

i m- 

g 2.00E6 

o '■ 

o 









1500: 




1000: 


i 


500 








loo 



| toooo. 

1 *x» 

s- 6000: 

1 4000 

§ 2000; 



FIG. 96A 




MASSpWZ) 30 

FIG. 96B 



39 



41 

JL 



FIG. 96D 



161 



160 



170 



K[K 2 C0 3 ] 



179 

, I 181 
100 



190 



50 




200 



WO 00/07932 



6/35 



PCT/US99/1717I 



FIG. 97A 



g 



200 



205 



u 



K 3 C 2°4 



2Q ? nu ^2 u "l |V 2 l/U 3J ^3^4^ 
21J « » K 5 C0 4 273 

.* WftlJ .I . |. Lli l LLl ,, , ,, , ,.. > i. | H < „ 



220 



240 mm 260 
FIG. 97B 



300 




MASS|Wq 

FIG. 97C 



S 35 

3 30 

S 25 

~ 20 

§5 15 

8 10; 

e 0- 



HC 
41$ 



453 



K[K 2 C03) 3 



1l . 429 Tl«l It 457 

-g^-wuhM m, tiJU ui J iJ l ,.Ld Y , ,., . v .,f ill 

420 m MASSjMG) ' 



493 



480 



500 



FIG. 97D 



§ 35 

I 30 

II HC 

i ]5;509 „, 
8 10| ft 529 547 527 

" 500 



591 



K[K 2 C0 3 ] 4 



K[K 2 C03) 5 



• 509 HC 
■ 1 529 5 } ? 577 714 7 h 777 889 



1000 



WO 00/07932 



7/35 



PCT/US99/17I71 




WO 00/07932 



8/35 



PCT/US99/I7I7I 




WO 00/07932 



9/35 



PCT/US99/I717I 




WO 00/07952 



10/35 



PCTAJS99/17I7I 




WO 00/07932 



It/35 



PCT/US99/17171 




65.6 cV - 72.4 eV 



WO 00/07932 

PCT/USWI717! 

12/35 




WO 00/07932 



13/35 



PCT/US99/I7I71 




WO 00/07932 



14/35 



PCT/US99/17I7J 




WO00/D7932 



15/35 



PCT/US99/I7171 



312 




FIG. 104 



WO 00/07932 



16/35 



PCT/US99/I7I71 



< 
m 



CD 




^ f ^ ^? 
si s is a § 

CVi tvi — vJ ^ 



S1N0O0 



simoo 



WO 00/07932 



17/35 



PCT/US99/I7I71 



o 



CD 

LL 




siNnoo 



WO 00/07932 



18/35 



PCIVUS99/17I71 




WO 00/07932 



19/35 



PCT/US99/17171 




^> <^ *~ 

Ul UJ UJ uj Ji uj 




SINfKX) 



WO 00/07932 



20/35 



PCT/US99/17171 




nV/AllSN31NI 



WO 00/07932 



23/35 



PCT/US99/17171 




WO 00/07932 



24/35 



PCTAJS99/I7171 




WO 00/07932 

PCT/US99/I7J7I 

25/35 




WO 00/07932 



26/35 



PCTAiS99/l7l71 




WO 00/07932 



27/35 



PCT/U59WI7I7I 




WO 00/07932 



28/35 



PCT/US9M7171 




WO 00/07932 



29/35 



PCT/US99/I717! 




WO 00/07932 



30/35 



PCT/US99/17171 




WO 00/07932 



31/35 



PCT/US99/J717I 



CO 
CO 
CO 
CM 



CM 



CM 
CM 



LU 

O 



CM 



8 



LU 



oo 



- ir> 



LU 
O 

in 



LU 



SdO VdlSN3JLN[ 



WO 00/07932 



32/35 



PCMJS99/I7171 



CM 
CM 



CM 



i i i i i i i A< s 

■KfOIOCiOOOO 
i — - t - "* OO U) ^ Cvl O 



SdO'AllSNBlNI 



WO 00/07932 



33/35 



PCT/US9WI717! 



o 

CO 



o 

CNJ 



to 
in 

h- 
z> 
12: 



LU 



ri i r in nrrTTTi 

o o o o 

O O d> o 

O OO CO 

* — t— 



'i i i i i n i i i i i i ii i I i i i i i 

o o o 



TT 



o 
o 

CM 



CD 
O 



CO 



o 
o 

CO 



o 
o 

CM 



CM 



WO 00/07932 



34/35 



PCT/USW17I71 




nV/AilSN31Nl 



WO 00/07932 



35/35 



PCTYUS99/17171 



CM 
Nl 



CO 



2 2 2 



> 

CD 
CO 



> 
O 



inn 1 1 i — [imn i i — [rrrrrn i — [inn 1 1 i — pm 1 1 i — |iuu 1 1 i — [in in i r 



CO 



CO 



nV/AJJSN31Ni 



PCT 



WORLD JhTreLLECrUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 

C01B 6/00 



A3 



(I J) International Publication Number: 



WO 00/07932 



(43) International Publication Date: 17 February 2000(17.02.00) 



(21) International Application Number: PCT/US99/17171 

(22) International Filing Bale: . 29 July 1999 (29.07.99) 



(30) Priority Data: 
607095,149 
60/101,651 
607105,752 
60/t 13,713 
60/123.835 
607130,491 
607141.036 



3 August 1998 (03.08.98) US 

24 September 1 998 (24.09.98) US 

26 October 1998 (26.10.98) US 

24 December 1998 (24.1258) US 

11 March 1999(11-03.99) US 

22Aprill999(22X)4.99) US 

29 June 1999 (29.06.99) US 



(7I)(72) Applicant and Inventor: MILLS, RandeU, L |US/USfc 
493 Edinburg Road. Cranbury, NJ 08512 (US). 

(74) Agent: MELCHER, Jeffrey, S.; FarJtas & Mandli PLLC. Suite 
700, 2000 M Street, N.W., Washington, DC 20036-3307 
(US). 



(81) Designated States: AE, AL, AM. AT, AU, AZ, SA. BB, BC, 
BR, BY CA, CH, CN, CU. CZ, DE. DK, EE, ES, FI. GB, 
GD, GH, GH, CM, HR. MU t ID, m IN, IS. JP, KE, KG, 
KP. KR, JCZ, LC, LK, LR. LS, LT, Lb\ LV, MD. MG, MK. 
MN. MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK. SU TJ, TM, TR. TT. UA, UG, UZ, VN. YU, ZA, ZVV, 
ARIPO patent (GH, GM, KE, LS. MW, SD. SL, SZ, UG» 
ZW), Eurasian patent (AM, AZ, BY. KG, KZ, MD, RJJ, TJ, 
TM), European patent (AT, BE, CH. CY. DE. DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAP1 patent 
{BP, BJ, CP, CG, CI, CM, GA, GN. GW, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 

(88) Date of publication of the inter national search report: 
11 V 17 August 2000 (17.08.00) 



(54) Title; INORGANIC HYDROGEN AND HYDROGEN POLYMER COMPOUNDS AND APPLICATIONS THEREOF 
(57) Abstract 

Compounds are provided comprising at least one neutral, positive, or negative hydrogen species having a binding energy l™***™ 
its cmeSog ordinary hydrogen specks, or greater than any hydrogen species for which the corresponding ordinary hydrogen speoes 

Compounds comprise at least one increased binding energy hydrogen species 
^Se orU other than an increased binding energy hydrogen species. One group of such compounds conta.ns one or 
bindTnger^ gy hydrogen species selected from the group consisting of H n . Ih n . and //% where n is a positive m e^erw uh the pre, .soihat 
n Is grea^ than 1 when Hhas a positive charge. Another group of such compounds may have the formula WHjJtXU ; m and n 
are each an nteeer M and M v are each an alkali or alkaline earth cation. X is a singly or doubly negative charged anion and the hydrogen 
content H m Xco^S cerises at least one increased binding energy hydrogen species. Method of forming the compounds and 
numerous applications are disclosed. 



10R THE PURPOSES OF INFORMATION ONLY 



Code* used lo identify Slates party to the K.T on the front pages of pamphlets publishing international applications »nd« (he PCT. 



.AL 
AM 
AT 
AU 
AZ, 
DA 
UV 
BE 
BP 
BC 
B| 
BR 
DV 
CA 
CP 

cc 

CM 
CI 
CM 
CN 
CU 
CI 
OK 
PIC 
EE 



Albania 

Aimtoii 

Austria 

Aariiatii 

Aicrtiijin 

bo mil ukJ Htiirgovina 

Barbados 

Belgium 

Bodcina r»» 

Bolgam 

Reaia 

Bru9 

Be larv» 

Cftnad* 

Ccatnl AfiWkn Republic 

Congo 

Swirrobad 

CcVe d'lvwtc 

Cameroon 

Owns 

Cuba 

Cxech Rcpwblic 
ILstooia 



Fl 

YH 

GA 

CB 

CR 

CM 

CN 

CR 

HU 

IE 

II 

IS 

IT 

JP 

KE 

KG 

KP 

KR 
K7, 
LC 
LI 
L.K 
LB 



Spain 
Finland 
France 
Gabon 

United Kmgdoi 
CtctgU 
Ghana 
Gumea 



rtangary 

Ireland 

bract 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyutnn 

Democratic PeopV:'* 

RcpvtbSic of Korea 

Republic of Korea 

Kazakstan 

S*m\ Lucia 

Ltrchlemtcin 

Sil I j»ka 

I .item 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 
MN 
MR 
MW 
MX 
NB 
NL 
NO 
Nfc 
PL 
FT 
RO 
RU 
SD 
SR 
SC 



Loolho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic Of Moldova 

M&dtgftSCKf 

The forme/ \ugcobv 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Marawi 

Meako 

Niger 

Nctfcrland* 



New Zealand 

Portugal 
Rom an it 

Ruitian Fedciaiion 



SJ 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TV 


Chad 


TO 


Togo 


TJ 


Tajikistan 


TM 


T^imeiustan 


TR 


Tuikey 


TT 


Trinidad and Tobago 


VA 


Ukraine 


\)G 


Uganda 


VS 


Unfced State* of America 


\)Z 


Uzbekistan 


vn 


Viti Nam 


YU 


Yugoslavia 


zw 


2rmbabwe 



Sweden 
Singapore 



INTERNATIONAL SEARCH REPORT 



(Mm *alAppOo*tkHiN© 

PCT/US 99/17171 



A. CLASSOTCATWN Of SUBJECT MATTER 

IPC 7 C01B6/00 



International Patonl ClM6tfl«rtk)n(TOoitot^ 



ft. helds searched 



Mlr*m*D documentation aoanittd {claaaiflcaaon 

IPC 7 C01B 



Boctmr* data ba*a conaulod durino Oo 



C. DOCUMENTS (gHjjggjtD TO Pg REtEVAHT 



Category * 



P,X 



Ctotlon oi document. **h lrK*cttfk>n. whaw typfoprfat* ol tha rtfavont paaaagea 



WO 99 05735 A (BLACK LIGHT POWER INC) 
4 February 1999 (1999-02-04) 
page 235 -page 242 

MILLS R L ET AL: "DIHYDRINO MOLECULE 
IDENTIFICATION" 

FUSION TECHNOLOGY , US , AMER I CAN NUCLEAR 
SOCIETY. LA6RAN6E PARK, ILLINOIS, 
vol. 25, January 1994 (1994-01), pages 
103-119, XP002914535 

ISSN: 0748-1896 
page 105-106 

W0 96 42085 A (HYDROCATALYSIS POWER CORP) 
27 December 1996 (1996-12-27) 
claims 1-3,38 



Ralayart to cWm No. 



1-20 



1-118 



104-109 



jjTJ furtt** docvmantaaraBatadinibe cora^aflonofbcmC, 



Special cJrtogooo* Q*eiad docA*r»*ri» : 

•A* document defining th* flenofaj atale of th« arfwMchbrx* 
conafciowl to ba of pertkiila relevanoa 
oorikx documajrf bui pob8nhad on or nfU* me irWenutfwwl 
ffh>o #>ta 

X* docuroart wNc* may throw doubta on pdorty cUn(t) or 

cbnikn or athof apocW roMon (a* apecMad) 
XT documeol roterrtnglo an oraJ dadoaofe, uaa. OKhbWonor 
othatmeane 

♦o* document pubflahod Prior to tha H •♦national Bib* data bwt 
bta* than Cho priority datf* downed 



Dtfto of tho actual ©ompMbn ol tbo HamaHona! aaoith 

18 April 2000 



Pedant family mombafa am flawed h amio*. 



T lata* 



a*wdoc»irT^put**h«doft«*^ 
or pdomy dtf •end nc* b cc n*c< wt* to *PPj«^onb^ 
cl&toi*dt**^theprfnc^oft^^ und*1ytnatt» 

*X' doomoortotpartJoufaf k>*ovo*»o©; tho cWm*d 

cannot bo conskterod novel ot cannot ba conokiorad to 

lnwo»w«vJmrortfvo»tBp^»ihoctocMmor<ta takanaJona 

"Y* documa* of portJcuiof ratevanoo; to/*™* S^fSh^rt* 

mof^^CWb^ttontWngobvtooeto. paiaonaWlad 
In tho art- 

•4* ctocomonl roaa>h*f ot tha fcama potent tem*y 



Data of maJfing ot the Mamaticoal oowch report 

27/04/2000 



Nani« and maWnfl oddtooa otmo ISA 

European Patert Office. P.O. Sold Patarfiean 2 

Tot 340-20*0. Tx. 31 65 1 eoo n*. 



Authorized cTtJcaf 



Clement, J-P 



Form PCWSAtf 10 l*xx**S ahatt) (>»> WJ> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/US 99/17171 



0(Cortlnu.Boo) DOCUMENTS OOHSOEBEP TO Bg RELEVAMI 



A I US 4 512 966 A (NELSON GUNNER E) 
23 April 1985 (1985-04-23) 

A ! US 4 986 887 A (GUPTA SANKAR DAS 
22 January 1991 (1991-01-22) 
column 2, line 24 - Une 68 



ET AL) 



1-85, 
99-103 

86 



2 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

udwiMOon on pt/mA Unity »»n*»f» 



Palent document 
cited in search wort 



WO 9905735 A 



PubScrion 



04-02-1999 



MO 9642085 A 27-12-1996 



OS 4512966 A 



23-04-1985 



PCT/US 99/17171 



Patent larnily 
momber<8) 



AU 8477298 A 



AU 
AU 
CA 
EP 
HU 
PL 
US 



705379 B 
6146596 A 
2218895 
0858662 
9901773 

324187 
6024935 



NONE 



US 4986887 A 22-01-1991 CA 1328971 A 



pubftcattoft 
date 



16-02-1999 

20-05-1999 
09-01-1997 

27- 12-1996 
19-08-1998 

28- 09-1999 
11-05-1998 
15-02-2000 



03-05-1994 



